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PREFACE. 



There are few men whose mechanical inventions have con* 
tributed so much to the good of our country as those of Oliver 
Evans; for my own part, I could name but two, and they are 
Whitney and Fulton. There have, it is true, within the last thirt/ 
years, been a great number of original machines invented, and a 
great many improvements made on those for which we are indebted 
to other countries, that do great credit to American genius, and evince 
a peculiar aptitude to excel in mechanical contrivances: but few, 
however, of these inventions could be denominated national, al- 
though they have been of high importance in the various aits to 
which they are applied. 

The improvements in the flour mill, like the invention of the 
cotton gin, apply to one of the great staples of our country ; and, 
although nearly forty years have elapsed since Mr. Evans first made 
his improvements known to the world in the present work, the gene- 
ral superiority of American mills to those even of Great Britain, is 
still a subject of remark by intelligent travellers. Mr. Evans, how- 
ever, experienced the fate of most other meritorious inventors; the 
combined powers of prejudice and of interest deprived him of all 
benefit from his labours, and, like Whitney, he was compelled to 
depend upon other pursuits for the means of establishing hii^self in 
the world. His reward, as an inventor, was a long continued 
course of ruinous litigation, and the eventual success of the power- 
ful phalanx which was in league against him. 

It is not the intention of the Editor to pronounce a panegyric 
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OEt or to write the history of, Oliver Evans ; but his sense of jus* 
tke, and a eonBdent hope that, in the history of American inven- 
tions, posterity may accord to htm the place which he really me- 
rits, have called forth the preceding remarks, 

Mr. Evans made no pretensions to literature ; he considei^d him- 
self, as he really was, a plain, practical man ; and the main object 
of his writing thid work was to introduce his inventions to public 
notice ; it has, however, been extensively useful to the mitUwrigbt 
and the miller as a general treati^, and an edition of it has been 
pitblidied in the French language. The present Editor was em- 
ployed to revise the work, a few years ago, and a new edition being 
again called for, the same task has been again assigned to him by 
the publishers. It has not been thought proper to make any such 
alterations in it as should destroy its identity ; m it would, in that 
case I be essentially a new work, to which it would not be proper to 
attach the name of Mr. Evans, as the author ; encouraged, however, 
by the general approval of the alterations and additions formerly 
made, the Editor has thought himself justified in pursuing, in the 
present iojitance, the same course, to a greater extent; and although 
some theoretical views arc interwoven in the general texture of the 
work, which may be disputable, these can detract but little from its 
practical utility ; and it is hoped that the farther changes which have 
been made in the phraseology, as well as in some other points, will 
be found to add to its worth in tltis respect. 

THOMAS P. JONES,. * 
C% 0/ Wathington, Jlpril, 1834 ' ' 
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PART THE FIRST. 

CHAPTER I. 

MECHANICS. 

Of the General Properties of Bodies^ and the first principles 
of Mechanics. 

ARTICLE 1. 

PRELIMINARY REMARKS. 

Although there are many good, practical workmen 
who are entirely ignorant of the theory of mechanics as 
a science, it will be universally acknowledged that an 
acquaintance with the general properties of matter, and 
the laws of motion would not only be gratifying to every 
intelligent mind, but would introduce a certainty into 
many mechanical operations which would ensure their 
success ; and this is a truth, with the importance of which 
the author of this work was so fully impressed, that he 
devoted a whole chapter to its consideration. The pre- 
sent editor has thought it best to alter and modify the 
original work, but he has been careful not only to retain 
all that appeared to him important in it, bat to make such 
additions, and give such an arrangement to the whole, 
as have appeared to him calculated to place the subjects 
of whicb It treats in a more familiar lignt. 
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It is only, however, those properties of bodies, and 
those laws of motion, which most intimately concern the 
practical mechanism, that it is thought proper, here, to 
treat at any length, as any thing farther would be entirely 
foreign to the object of this work. 



ARTICLE 2. 
ON THE ESSENTIAL PROPERTIES OF BODIES. 

There are certain properties of bodies which belong to 
matter in all its forms, these are called its essential pro- 
perties, as they are those without it which cannot exist; 
these are Extension, Figure, Impenetrability, Divisibility, 
Mobility, Inertia, and Attraction, 

Extension. We became acquainted witl^ the existence 
of matter only by the space which it occupies. We can- 
not conceive of a body without length, breadth, and 
thickness, which are the three dimensions of extension. 
These vary greatly from each other in different bodies ; 
• and in some they are all equal to each other, as in the 
sphere and the cube. 

Figure, or shape, is the necessary result of extension, 
and constitutes its limits. The business of the machinist 
is to give to various substances those figures, or shapes, 
which Rhall adsipt tiiem to bin piirpos«e. 
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the largest masses. We are not to conclude from this, 
however, that matter is actually infinitely divisible, 
although it is mathematically so. It is probable that the 
Creator has formed masses of matter of certain minute 
particles, which are infinitely hard, and incapable, fftim 
their nature, of mechanical division. 

Mobility is one of those essential properties of matter, 
which forpi the very foundation of operative mechanics, 
as it is the capability of matter to be moved from the 
place, or space, which it now occupies. No mechanical 
operation, indeed, or any other change, can be effected in 
matter without motion. 

Inertia, or inactivity, is that negative property of mat- 
ter by which it resists every change of state, whether of 
rest or of motion. By this terra we mean to express the 
fact that matter is powerless; that if at rest, it has nothing 
within itself tending to put it into motion; and if in mo- 
tion, its own tendency is to continue to move, which it 
would consequently do perpetually, but for those extrane- 
ous resistances to which every thing upon the surface of 
the earth is subjected. The term vis inertia, or the power 
of inertia, is altogether objectionable, although it is very 
frequently employed. If inertia were a power existing 
in a body, it must be in some definite quantity, capable 
of being expressed in numbers, and of resisting a force 
less than itself; but it is a fact, that any force impressed, 
however small, will move any body, however great. 

Attraction is that power which exists in particles or in 
masses, of matter, by which they tend to approach each 
other. It has been divided into five kinds; the attraction 
of Oravitationy of Cohesion or aggregation, of Magnetism, 
of Electricity, and Chemical attraction. It is the two 
former only of these attractions which claim particular 
attention in their relationship to mechanics. 

The attraction of cohesion is that power by which par- 
ticles of matter become united together and form masses. 
We could conceive of the existence of matter without at- 
traction, but it must be in its original constituent parti- 
cles only, unformed into masses; all matter, however, is 
manifestly endowed with this property, and its particles 
are, therefore, capable of being united together. In 



12 



MfiCHANIGB. 



[Chap.1. 



order that the attraction of cohesion may be exerted, it is 
necessary that the particles of matter be in contact with 
each other, as it does not take place at sensible distances. 
By sawing, filing, grinding, and many other mechanical 
operations, we destroy the attraction of cohesion; and 
this, indeed, is the great object of these processes. In 
those bodies which are capable of undergoing fusion, as 
the metals, we can readily restore this attraction, by sub- 
jecting the disentegrated particles to this process. 

The attraction of Crravitation is manifested in masses 
as well as in particles of matter, by it all the bodies in 
nature tend to approach each other. The sun, the earth, 
the moon, and all the planets, notwithstanding their im- 
mense distances, are subjected to this universal law. A 
stone, or other substance, if unsupported, falls to the 
earth, in consequence of the attraction existing between 
it and the earth. What we call weight, results from this 
attraction, and is the measure of its force or power, in 
different bodies. The weight of a body is the sum of the 
attractive force exerted upon its individual particles. A 
piece of lead, weighing two pounds, contains twice as 
many particles as another weighing but one pound, and 
it is therefore drawn to the earth with double the force. 
It might be supposed that, in consequence of this double 
quantity of attraction, the piece of two pounds would fall 
with double the velocity ot that of one pound ; but, upon 
making the experiment, the time of their fall will be pre- 
cisely the same in each. This arises from the inertia of 
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active Bgpnt in moving machines and in the constrnction 
of all, it is an element which must enter into the calcula* 
tion of their power. 



ARTICLE 3. 
AXIOMS, OR LAWS, OF MOTION AND REST. 

1. Every body in a state of rest, will remain so; and 
every body in motion will continue to move in a right 
line, until a change is effected by the agency of some me- 
chanical force. 

2. The change from rest to motion, and from motion to 
rest, is always proportional to the force producing these 
changes. 

3. Action and reaction are always equal, and in direc- 
tions contrary to each other; or, when two bodies act upon 
each other, the forces are always equal, and directed to- 
wards contrary parts. 

The first of these laws, results, necessarily, from the 
inertia of matter. The assertion, however, that a body 
in motion would continue to move in a right line, may 
require some illustration. That motion when once com- 
municated would never cease, is fairly inferred from the 
fact that the motion is continued in the exact proportion 
in which the obstruction is diminished. A pendulum 
will vibrate longer in air itikn in water, and longer still 
in an exhausted receiver, and stops at last in consequence 
oithe friction on its points of suspension, and the imper- 
fection of the vacuum. 

When a stone is thrown in a horizontal direction, as 
motion is constantly retarded, it also moves in a curve, 
and eventually falls to the ground. The retardation, in 
this case, is exactly proportioned to the density of the 
air, and the curve in which it moves is the consequence 
of the force of gravity, which is always drawing it to- 
wards the earth : the curve in which it moves is deter- 
mined by this known force, and is precisely proportion- 
ate to it. It necessarily follows, that, if the course of 
retardation, and of deflection were both removed, that the 
2 
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body wotild continue its course in a right line. The pre* 
cediDg remarks may serve to illustrate the second , as well 
as the first law. 

The third law is confirmed by all our observations on 
the motions of the heavenly bodies, and by all our expe- 
riments. If a glass bottle be struck by a hammer, or a 
hammer by a glass bottle, the bottle will in either case be 
broken by the same degree of moving power : were the 
hammer equally fragile with the bottle, both would bo 
broken. If a stone be thrown against a pane of glass, the 
glass will be broken and the stone retarded, in exact pro* 
portion to the resistance offered by the glass. 

To assert the contrary of this law, would be to main- 
tain an absurdity; for if action and reaction be not equal, 
one must be greater than the other, which would be to 
say that the effect was greater than, or not equal to, th© 
cause. 



ARTICLE 4. 
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ON ABSOLUTE AND KELATIVE MOTION. 



The idea intended to be conveyed by the term motion 
is too familiar to require a definition. 
Motion is eitlier absolute or relative- 
Absolute motion is the removal of a body from oof 
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ileal mechanics, we have to do with relative motion 
only. 

On equable, accelerated, and retarded motion. 

Time must, of necessity, enter into the idea of motion, 
as it is the measure of its velocity. Thus a body which 
passes the distance of two miles in an hour, moves with 
twice the velocity of another, which in the same time, 
travels but one mile. 

A body in motion may continue to move with the same 
velocity throughout its whole course; its motion is then 
said to be equable: or. 

Its motion may be perpetually increasing, as is the 
case with falling bodies. This is denominated accelerated 
motion. 

Hetarded motion, is that which is continually decreasing; 
such is the motion of a stone, or of a cannon ball, project- 
ed perpendicularly upwards. 

The cause of the equable acceleration of falling bodies, 
and the retardation of such as are projected upwards from 
the earth, will be rendered clear, by attending to the arti- 
cle on falling bodies. 



ARTICLE 5. 
OF MOMENTUM. 

It is known to every one that if the velocity of a moving 
body be increased, the force with which it will strike 
against another body will be increased also : the fact is 
equally familiar, that if the weight of a body in motion 
be increased, the result will be similar. It is evident, 
therefore, that the force with which a body in motion 
strikes against another body, must be in the compound 
ratio of its velocity, and its mass, or quantity of matter. 
This force is called its momentum, which is the product 
of its quantity of matter multiplied by its quantity of 
motion; or, in other words, its weight multiplied by its 
velocity. 
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The effects produced by the collision of bodies against 
each other differ greatly in those which are elastic, from 
those that are non-elastic, which will be more particular- 
ly noticed presentiy. 



ARTICLE 6. 



ON POWER, OR FORCE, AND ON THE MOTIVE POWERS. 

ForcCy or Porver, in a mechanical sense, is that which 
causes a change in the state of a body, from motion to 
rest, or from rest to motion. 

When two or more forces act upon a body, in such a 
way as to destroy the operation oi each other, there is 
then said to be an equilibrium of farces. 

The Motive Powers^ are those which we employ to 
produce motion in machines: these are, the strength of 
men, and of other animals; the descent of weights; the 
force of water in motion ; wind, or the motion of the air ; 
the elasticity of springs, and the elastic force of steam. 
The whole of these are included in the two principles of 
Gravitation and Elasticity. 

Attempts have been made to employ other agents as 
motive powers, but these have either failed altogether, or 
have not been attended with that success which justifies 
the giving to them a place in a practical work. Among 
these rnay be mentioned magnetii^m : electricity : con- 
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mensioQS and form, when the force which change theok 
is removed. Non-elastic bodies are those which not only 
change their forms when struck, but remain permanently 
altered in this particular. Although there are no solid 
bodies which possess either of these properties in perfec^ 
tion, yet the difference between those which are, most and 
those which are least elastic, is sufficiently great to justify 
the division. 

Ivory, and hardened steel are eminently elastic. Such 
bodies, when struck together, become flattened at the 
point of contact; but immediately resuming their form, 
they react upon each other, and rebound. Lead and soft 
clay are non-elastic: if two balls of either of these 
substances be struck together, a permanent flattening is 
produced at their points of contact, and they do not re- 
bound. 

If two non-elastic bodies, A and B, fig. 1, each having^ 
the same quantity of matter, move towards each other with 
equal velocities, they will come into contact, as at A B,. 
in the centre, where they will remain at rest after the 
stroke, because their momentums were equal, and in op- 
posite dii^ctions. That is, if each have two pounds of 
matter, and a velocity which we may call ten, the mo- 
mentum of each is twenty ; and just sufficient, therefore^ 
to destroy each other. 

If, on the contrary, the bodies be perfectly elastic, they 
will recede from each other with the same velocity with 
which they met. In the former case, a permanent inden- 
tation was produced on the bodies ; in the present, the flat- 
tening is instantaneous only, and the particles resuming* 
their former position and arrangement, react upon each 
other with a force equal to their action, and, after the 
stroke, recede with undiminished velocity. 

If two non-elastic bodies, A and B fig. 2, moving in 
the same^direction with different velocities, impinge upon 
each other, they will move on together after the stroke 
with such velocity as being multiplied into the sum of 
their weights, will produce the sum of the momentums 
which they had before the stroke ; that is, if each weigh 
one pound, and A has 3, and B 4 degrees of velo<^y, 
the sum of their momentum is 12 ; 1 x 8 + I x 4 «- 12 : 

2* 
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then after the stroke their velocity will be 6 ; whioh, 
multiplied into their quantity of matter 2, produces 12. 
l*he quantity of motion before and after the stroke, or, 
which is the same thing, their momentums, will be un- 
changed. 

If, on the contrary, they had both been elastic, and 
moving as before, then, after the stroke, A would have' 
moved with four, and B with eight degrees of velocity : 
they would consequently have interchanged velocities, 
but the quantity of motion would remain unchanged. 

If A and B be non-elastic bodies, equal in quantity of 
matter, and A moving with a velocity 10, come into con- 
tact with B at rest, they will move on together with the 
velocity 5. The quantity of motion will therefore remain 
unchanged, a double mass moving with one half the ve- 
locity. If the bodies A and B be both elastic, B, after 
the stroke, will fly off with the velocity 10, and A will 
remain at rest. The quantity of motion will as before, 
remain unchanged. To understand this difference be- 
tween elastic and non-elastic bodies, we may suppose 
that when the two elastic bodies come into contact with 
each other, they tend to move on together, likp the non- 
elastic, with one half the velocity of the body A ; that is, 
A gives half its motion to B ; but being elastic, the im- 
pinging parts, which give way, instantaneously resume 
their form, and react upon each other with a force equal 
to their first action, which drives A back with a velocity 
6, and B forward with an equal velocity: the effect of 
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dies, but somewhere between them, dependent upon the 
power of the blows respectively. The motion in this 
case is manifestlj compounded of the two possessed hj 
the striking bodies, and is therefore called a compound 
motion. 

If a body A, fi^. 4, receive two strokes, or impulses 
at the same time, m different directions, one which would 
propel it from A to B in a given time, and another which 
would propel it from A to D in an equal time, then 
this compound force will propel it from A to C, in the 
same time in which it would have arrived at B or D by 
one impulse only. If lines be drawn from C, to join B, 
and D, the parallelogram A B C D, will be formed, in 
the diagonal of which the compound motion was per* 
formed. If the two impulses bad been equal, then A D 
would be ^ual to A B, and the parallelogram would be- 
come a square. 



ARTICLE 9. 
OF NON-ELASTICITy, AND OF FLUIDITY, IN IMPINGING BODIES. 

If A and B, fig. 3, be two columns of matter in mo- 
tion, meeting each other, and equal in non-elasticity, 
quantity and velocity, they will meet at the dotted line 
e e, destroy each other's motion, and remain at rest, pro* 
Tided none of their parts separate. 

But if A be elastic, and B non-elastic, when they meet 
at e e, B will give way by; battering up, and both will 
move a little farther; that is, half the distance that B 
shortens. 

But if B be a column of fluid, and when it strikes A, 
flies off in a lateral direction perpendicular to A, then 
whatever is the sum total of the momentums of these par- 
ticles laterally, has not been communicated to A. 

But with what proportion of the striking velocity the 
fluid, af\er the stroke, will move in the lateral direction, 
I do not find determined ; but, from some iexperiments I 
have made, I suppose it to be more than one half; be- 
cause water falhng four feet, and striking a horizontal 
plane with 16,2 feet velocity will cast some few drops to 
the distance of 9 feet (say 10 feet, allowing one foot to 
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be lost by friction, &c.l which we mast suppose take 
their direction at an angle of 45 degrees; because a bodj 
projected at an angle of 4A degrees, will describe the 
greatest possible horizontal range. It is known also, that 
a body falling 4 feet, and reflected with its acquired ve- 
locity 16,2 feet at 45 degrees, will reach 16 feet hori- 
zontal range, or four times the distance of the fall. There- 
fore, by this rule i of 10 feet, equal to 2,5 feet, is the fall 
that will produce the velocity necessary to this effect, viz. 
velocity 12,64 feet per second, about three quarters of the 
striking velocity. 

This side force cannot be applied to produce any far- 
ther forward force, after it has struck the first obstacle, 
because its action and reaction then balance each other; 
which I demonstrated by fig. 27. 

Let A be an obstacle, against which the column of 
water G A, of quantity 16 with velocity per second 16, 
strikes ; as it strikes A, suppose it to change its direction, 
at right angles with | velocity and to strike B B, thea 
to change again and strike forward against C C, and back- 
wards against D D; then again in the side direction 
E E ; and again in the forward and backward directions, 
all of which forces, counteract and balance each other. 

Therefore, if we suppose the obstacle A to be the float 
of au undershot water-wheel, the water can be of no far- 
ther service in propelling it, after the first impulse, but 
rather a disadvantage ; because the elasticity of the float 
will cause it to rebound in a certain degree, and, instead 
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ARTICLE 10. 
OF FALLING BODIES. 

Bodies descending freely by their gravity, in vacao, or 
in a non-resisting mediam, are subject to the following 
laws: — 

Iflilt. They are equally accelerated. 

It is evident, that, in every equal part of time, the body 
must receive an equal impulse from gravity, which will 
propel it at an equal di^ance, and give it an equal addi- 
tional velocity; it will, therefore, prcxluce equal effects in 
equal times; and the velocity will be proportioned to the 
time. 

2d. Their velocity is always in proportion to the time 
of their fall, and the time is as the square root of the dis- 
tance fallen. 

If the velocity, at the end of one second^ be 32,4 feet, 
at the end of two seconds, it will be 64,8 ; at the end of 
three seconds, 97,2 feet per second, and so on. 

3d. The spaces through which they pass are as the 
squares of the times and the velocities. 

That is, as the square of one second is to the space 
passed through, 16,2 so is the square of two seconds, 
which is 4, to 64,8 feet, passed through at the end of 2 
seconds ; and so on, for any number of seconds. There- 
fore the spaces passed through at the end of every second, 
will be as the square numbers 1, 4, 9, 16, 25, 36, &c., and 
the spaces passed through, in each second separately, 
will be as the odd numbers 1, 3, 5, 7, 9, 11, 13, 15, &c. 

4th. Their velocities are as the square root of the space 
descended through, and their force, to produce eflfect, as 
their distances fallen, directly. 

That is, as the square root of 4, which is 2, is to 16,2, 
the velocity acquired in falling four feet ; so is the square 
root of any other distance, to the velocity acquired in foil- 
ing that distance. 

6th. The space passed through the first second, is very 
nearly 16,2 feet, and the velocity acquired, at the lowest 
point, is 32,4 feet, per second. 

6th. A body will pass through twice the space, in a 
horizontal direction with the last acquired velocity of 
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the descending body, in the sfime time that its fall re- 
quired. 

That is, suppose the body, as it arrives at the lowest 
point of its fall, and has acquired its greatest velocity, 
was to be turned in a horizontal direction, or that the ac- 
celeration from gravity was at that moment to cease, and 
the velocity to continue uniform, it would then pass over 
double the distance that it had descended through, in the 
same time. 

7th. The total sum of the effective impulse acting on 
falling bodies to give them velocity, is in direct propor- 
tion to the space descended through;* and their velocity 
being as the square root of the space descended through, 
or, which is the same as the square root of the total im- 
pulse. Therefore, 

8th. Their momentums, or force to produce effects, 
are as the sauares of their velocities,t or directly as their 
distances fallen through ; and the times expended in pro- 
ducing the effects are as the square root of the distance 
fallen through. 

That is, if a body fall 16 feet, and strike a non-elastic 
body, such as soft lead, clay, &c., it will strike with ve- 
locity 32, and produce a certain effect in a certain time. 
Again, if it fall 64 feet, it will strike with velocity 64, and 
produce a quadruple effect, in a double time ; because if 
a perfectly elastic body fall 16 feet (in one second of time, 
and strike a perfectly elastic plane, with velocity 32 feet,) 
it will ri^c \(\ fpet in one ?^c*cond of time. Again, if the 
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A SCALE OF THE MOTION OF FALUKO BUDIE& 
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This seale shows at one view, all the laws observed by 
falling bodies. The body O would fall from O to 1, equal 
to 16,2 feet, in the first second, and acquire a velocity 
that would carry it 32,4 feet from I to a, horizontally, 
in the next second, by laws 5 and 6 ; this velocity would 
also carry it down to three in the same time; but its gra- 
vity, produci4ig equal effects, in equal times, will acce- 
lerate it so much as to take it to 4 in the same time, by 
law 1. It will now have a velocity of 64,8 feet per se- 
cond, that will take it to b horizontally, or down to 84 
but gravity will help it on to 9 in the same time. Its 
velocity will now be 97,2 feet; which will take it hori- 
zontally to c or down to 15, but gravity will help it on 
to 16 ; and its last acquired velocity will be 129,6 feet, 
per second, which would carry it to d horizontally. 

If either of these horizontal velocities be continued, 
the body will pass over double the distance it fell, in the 
same time, by law 6. 

Again, if O be perfectly elastic, and falling, strikes a 
perfectly elastic plane, either at 1, 3, 5, or 7, the affec- 
tive force of its stroke will cause it to rise again to O in 
the same space of time it took to fall. 

This shows, that in every equal part of distance, it 
received an equally eflFective impulse from gravity, and 
that the total sum of the effective impulse is as the dis- 
tance fallen directly — and the effective force of the 
stroke will be as the squares of the velocities, by laws 7 
and 8. 



ARTICLl^ll. 

OP BODIES DESCENDING INCLINED PLANES AND CURVED 
SURFACES. 

BoDiBS descending inclined planes and curved sur- 
faces, are subject to the following laws : — 

1. They are equably accelerated, because their motion 
is the effect of gravity. 

2. The force of gravity propelling the body A, fig. 5, 
to descend an inclined plane A D, is to the aboolate gra<- 

3 
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vity of the body as the height of the plane A C is to its 
length A D. 

3. The spaces descended through are as the squares 
of the times. 

4. The times in which the diflferent planes A D, A H» 
and A I, or the altitude A C, are passed over, are as their 
lengths respectively. 

5. The velocities acquired in descending such planet, 
in the lowest points, D, H, I, or C, are all equal. 

< 6. The times and velocities of bodies descending 
through planes alike inclined to the horizon, are as the 
square roots of their lengths. 

7. Their velocities, in all cases, are as the square roots 
of their perpendicular descent. 

From these laws or properties of bodies descending 
inclined planes, are deduced the following corollaries : 
namely : — 

1. That the times in which a body descends through 
the diameter A C, or any chord 'A a, A e, or A i, are 
equal : hence, 

2. All the chords of a circle are described in equal 
times. 

3. The velocity acquired in descending through any 
arch, or chord of an arch, of a circle, as at C, in the 
lowest point C, is equal to the velocity that would be ac* 
quired in falling through the perpendicular height F C. 

Pendulums in motion have the same properties, the 
rod or stritiL^ acting an the i^mooth^ curved surface> 
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Every projectile is acted upon by two forces at the 
same time ; namely, Impulse and Gravity. 

By impulse or the projectile force, the body will pass 
over equal distances, A B, B C, &c., in equal times, by 
1st general law of motion, Art. 7, and by gravity, it de- 
scends through the spacto A G, G H, &c., which are as 
the squares of the times, by 3d law of falling bodies. Art. 
9. Therefore, by these forces compounded, the body will 
describe the curve A Q, called a parabola ; and this will 
be the case in all, except perpendicular directions ; the 
carve will vary with the elevation,'yet it will still be what 
is called a parabola. 

If the bodv be projected at an angle of 45 degrees ele- 
vation, it will be thrown to the greatest horizontal dis- 
tance possible ; and if projected with double velocity, it 
will describe a quadruple range. 



ARTICLE 13. 
OF CIRCITLJLR MOTION AND CENTRAL FORCES. 

If a body A, fig. 7, be suspended by a string A C, and 
caused to move round the centre C,that tendency which 
it has to fly from the centre, is called the centrifugal 
force ; and the action upon a body ; which constantly ;so- 
licits it towards a centre, is called the centripetal force. 
This is represented by the string, which keeps the body 
A, in the circle A M. Speaking of these two forces in- 
diflFerently,.they are called central forces.* 

The particular laws of this species of motion, are, 

1. £qual bodies describing equal circles in equal times, 
have equal central forces. 

2. Unequal bodies describing equal circles in unequal 
times, their central forces are as their quantities of matter 
multiplied into their velocities. 

* It may be well to obterve hero, tbil thie central Ibree U no real power, bot onhr 
an eflEect of the power that ^f ea moiioo to the bodr. Its inertia caoaea it to recedb 
ftoB the centre, and fly off m a direct tanfent, with the eirde it mofce in ; therelbre 
thia cntral Ibree can neither add to, nor diminiih the power of any neehanieal or 
hydraolic eaftne, onleae it be Ij friction and inertia, where water is the mofinf 
power and the machine changes its directioo. 
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3. Equal bodies describing unequal circles in equal 
times, their velocities, and central forces are as their dis- 
tances from their centres of motion, or as the radii of their 
circles.* 

4. Unequal bodies describing unequal circles in equal 
times, their central forces are as their quantities of matter 
multiplied into their distances from their centres, or the 
radii of their circles. 

6. Equal bodies describing equal circles in unequal 
times, their central forces are as the square;^ of their ve- 
locities; or, in other words, a double velocity generates 
a quadruple central force. f Therefore, 

6. Unequal bodies describing equal circles in unequal 
times, their central forces are as their quantities multi- 
plied into their velocities. 

7. Equal bodies describing unequal circles with equal 
celerities, their central forces are inversely as their dis- 
tances from their centres of motion, or the radii of their 
circles.J 

« This thowt, that when inill.ttonct arc of ancqaal diameteri, and reTolve in equal 
timei, the Urgvit tbould bate the draog ht of their furrowa lees in proportion as 
their central force it more; which it in iiiverte proportion ; alto, that the draught of 
a atone ahould vtry, and be in inverte proportion to the diitanco from the oeotre. 
That it,ih« greater the dittaDce,the leac the draught 

Hence, we conclude, that if ttonea reTolte in equal timea, their draught mu«t be 
equal near the centre; that ia, ao much of the large atones, aa ia equal to the sIm of 
Uie troall onea, moat be of equal draught But that pari which ia greater moel hate 
leea draught in intcrie proportion; aa the dittance from the centre it greater, tlie 
forrowa mutt crota at to much le^a angle, which will be nearlj the cate (if their Ibf- 
ruwa letd to an equal diatancc from tlieir centrea) at any contiderablo dittanee f 
ihi . ■ , . ^ • ■ ■ . 
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8. Equal bodies describing unequal circles, having 
their central forces equal; their periodical times are as. 
the square roots of their distances. 

9. Therefore the squares of the periodical times are 
proportional to the cubes of their distances, when neither 
the periodical times nor the celerities are given. In that 
case, 

10. The central forces are as the squares of the dis- 
tances inversely.^ 

tiJo ci tSew, liioQld hafe the angle of draught, widi which their fbrrowa eroas eaeh 
^har, in inwrae proportkm to their diametera, hecaoae their central ibreaa are aa 
their diamelera, hy InTcrae proportion, directly ; and the angle of draught ahoold 
iaeraaae, aa the central force decreaaea, and decrease, a» it inereaaea. 

But here we moat oonaider, that» to give atonea of diflbrent dtametera equal 
dranghta, the diatanoe of their fnrrowa from the centre, moat be in direct proportiotf 
te their diametera. Thua, aa 4 Am! diameter ia to 4 iochea draught, so b 5 leet dia- 
■rter to 5 iochea draujgffat. To make the furrowa of each pair of stooea oroaa eaeh 
alhsr at equal englea, in all oroportional distances from the centre, »ee fig. 1. Plate 
XL where gh,gd,g{;ha,hc, and h e, ahow the direction of the fnrrowa of the 4, 
1, aiid feet aiooea, with their proportional draoghta; now it ia ohviooa that th^ 
craaa each other at equal aoglea, because the reapectire lines are parallel, and croaa 
in eaeh rtooe near the middle of the radius ; which shows that in all proportional 
dialanras^ they cross at equal angles, oonaeqoeotly their draughta are eqoaL 

But the draught must be farther increascKi with the diameter of the atone, in order 
to increaae the angle of draught in the in? erse ratio, aa the oentral fiiroe, decreaaea. 

Tb do which, aaj,— If the 4 feel atono haa central ii»rce cqnal 1« what oeatral 
Aree will the 5 feet stone have 7 Answer : 8, by the 7th law. 

Then say, — If central force 1 require 5 inches draught, for a 5 feet atone, what 
vSl ceBtral force 8 require ; Anawer : 6,85 inches draught. Thic is, supposing the 
nrge of each stone to mote with equal velocity. Thia rule may bring out the 
draoght nearly true, proTided there be not moch difierenee between the diameter of 
the slooo*. But it appeara to me, that neither the angle with which the fiirrowa 
ooaa* nor the distance of the point from the centre, to which they direct, b a true 
mnmore of the draught 

* Tbeea are the Uws of circular motion and central feroes. For erperioMOtal 
dsmonstrations of them, see Ferguson's Lectures 00 Mechanica, page 37 to 47. 

I may here obsenre that the whole planetary system b goyemed by these Uws of 
eiranlar motion and central forcea. Gravity acting aa the string, is the centripetal 
ferae; and aa the power of grwitv decreaaea, as the square of the distance increases, 
and aa the centripetal and ceotriragal forces must alwaya be equal in order to keep 
the body in a circle ; hence appeara the reaaon why the pUneta moat remote from 
the son have their motion so alow, whib those near him have their motion awift ; 
because their cebritiea must be such aa to create a centrifugal force equal to the 
attraction of gravity. 
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ARTICLB 14. 
OF THB CENTRES OF MAGNITUDE| MOTIONi AND GRAVITY. 

1. The centre of magnitude is that point which it 
equally distant from all the external parts of a body. 

2. The centre of motion is that point which remains 
at rest, while all other parts of the body move round it 

3. The centre of gravity of bodies, is of great conse- 
quence to be well understood, it being the principle of 
much mechanical motion; it possesses tjie following par- 
ticular properties. 

1. If a body be suspended on this point, as its centre 
of motion, it will remain at rest in any position. 

2. If a body be suspended on any otner point, than its 
centre of gravity, it can rest only in such position, that a 
right line drawn from the centre of the earth through the 
centre of gravity, will intersect the point of suspension. 

3. When this point is supported, the whole body is 
kept from falling. 

4. When this point is at liberty to descend in a right 
line the whole body will fall. 

6. The centre of gravity of all homogeneal bodies, as 
squares, circles, spheres, &c., is the middle point in a 
line connecting any two opposite points or angles. 

6. In a triangle, it is in a right line drawn from any 
angle to bisect the oppomto side, and at the distance of 
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ed with stones, iron, or any heavy matter, will not over- 
tom so easily, as when loaded with wood, hay, or any 
light article; for when the load is not higher than a b, 
fig. 22, a line from the centre of gravity will fall within 
the centre of the base at c; but if the load be as high as 
d, it will then fall outside the base of the wheels at e, 
consequently it will overturn. From this appears the 
error of those, who hastily rise in a coach or boat, when it 
is likely to overset, thereby throwing the centre of gravi- 
ty more out of the base, and increasing their danger. 



CHAPTER II. 

ARTICLE 15. 
OF THE MECHANICAL POWER. 

Having premised and considered all that is necessary 
for the better understanding those machines called me- 
chanical powers, wo now proceed to treat of them. They 
are six in number ; namely : 

The Lever, the Pulley, the Wheel and Axle, the In- 
clined Plane, and the Screw. 

These are called Mechanical Powers, because they in- 
crease our power of raising or moving heavy bodies. Al- 
though they are six in number, yet they are all governed 
by one simple principle, which I shall call the first Gene- 
ral Law of Mechanical Powers ; it is this, ihe momentums 
of the power and weight are alrvayi equals when the en- 
gine is in equilibria. 

Momentum, here means the product of the weight of 
the body multiplied into the distance it moves; that is, 
the power multiplied into its distance moved, or into its 
distance from the centre of motion, or into its velocity, 
is equal to the weight multiplied into its distance moved, 
or into its distance from the centre of motion, or into its 
velocity ; or, the power multiplied into its perpendicular 
deseentyis equal to the weight multiplied into its perpen- 
dicular ascent. 



32 MECHANICS. [Chq^S. 

The Second General Law of Mechanical Powers, is, 

Tike power of the engine^ and velocity of the weight 
movedj are always in the inverse proportion to each other; 
that is, the greater the velocity ot the weight moved, 
the less it must be; and the less the velocity^ the 
greater the weight may be : and that universally in all 
cases. 

The Third General Law, is, 

Part of the original porver is ahoays lost in overcoming 
friction^ inertia, ^., but fu> power can be gained by engines^ 
when time is considered in the calculation. 

In the theory of this science, we suppose all planes to 
be perfectly smooth and even, levers to have no weight, 
cords to be perfectly pliable, and machines to have no 
friction : in short, all imperfections are to be laid aside, 
until the theory is established, and then proper allow- 
ances are to be made for them. 



ARTICLE 16. 
OF THE LEVER. 

A bar of iron, of Wood, or of any other inflexible ma- 
terial, one part of which is supported by a fulcruift or 
prop, and all other part» turn or move an that 
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2. The power is to the weight, as the distance the 
weight moves, is to the distance the power moves, re- 
spectively. 

That is, the power multiplied into its distance moved, 
is equal to the weight multiplied into its distance moved. 

3. The. power is to the weight, as the perpendicular 
ascent of the weight, is to the perpendicular descent of 
the power. 

. That is, the power multiplied into its perpendicular 
descent, is equal to the weight multiplied into its per- 
pendicular ascent. 

4. Their velocities are as their distances from their cen- 
tre of motion, by the 3d law of circular motion, p. 28. 

These simple laws hold universally true, in all me- 
chanical powers or engines; therefore it is easy (from 
these simple principles) to compute the power of any 
engine, either simple or compound ; for it is only to find 
how much swifter the power moves than the weight, or 
how much farther it moves in the same time; and so 
much is the power (and time of producing it) increased, 
by the help of the engine. 



ARTICLE 17. 

GENERAL RULES FOR COMPUTING THE POWER OF ANT 
ENGINE. 

1. Divide either the distance of the power from its 
centre of motion, by the distance of the weight from its 
centre of motion. Or, 

2. Divide the space passed through by the power, by 
the space passed through by the weight, (this space may 
be counted either on the arch, or on the perpendicular 
described by each,) and the quotient will show now much 
the iK)wer is increased by the help of the engine ; then 
multiply the power applied to the engine, by that quo- 
tient, and the product will be the power of the engine, 
whether simple or compound. 
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EXAMPLES. 

Let ABC, Plate L fi^. S, represent a lever; then, to 
compute its power, divide the distance of the power P 
from its centre of motion B C 12, by the distance A B 1, 
of the weight W, and the quotient is 12 : the power is 
increased 12 times bj the engine; which, multiplied by 
the power applied 1, produces 12, the power of the eur 

Sine at A, or the weight W, that wilt balance P, and 
old the engine in equilibrio. But suppose the arm A 
B to be continued to E, then, to find tne power of the 
engine, divide the distance B C 12, by B £ 6, and the 
quotient is two; which, multiplied by 1, the power ap- 
plied, produces 2, the power of the engine, or weight W, 
lo balance P. 

Or divide the perpendicular descent C D of the power 
equal to 6, by the perpendicular ascent £ F equal 3 ; and 
the quotient 2, multiplied by the power P equal 1, pro- 
duces 2, the power ot the engine at E. 

Or divide the velocity of the power P equal 6, by the 
velocity of the weight w equal 3; and the quotient 2 
multiplied by the power 1, produces 2, the power of the 
engine at E. If the power P had been applied at 8 then 
it would have required to have been IJ to balance W, or 
w: because 1{ times 8 is 12, which is the momentum of 
both weights W and w. If it had been applied at«6, it 
must have been 2 ; if at 4, it must have been 3; and so 
for any other distance from the prop or centre of 




ClM^9.] MECBANIGB. 35 

3. When the prop is at one end, the weight at th^ 
otheFt and the power applied between them. 

4. The benaed lever, which differs only in form, but 
not in properties, from the others. 

Those of the first and second kind, have the same pro- 
perties and powers, and produce real mechanical advan- 
tage, because they increase the power ; but the third kind 
produces a decrease of power, and is only used to increase 
velocity, as in clocks, watch^ and mills, where the first 
mover is slow, and the velocity is increased by the gear* 
ing of the wheels. 

The levers which nature employs in the machinery of 
the human frame, are of the third kind ; for when we lift 
a we^ht by the hand, the muscle that exerts the force 
to raise the weight, is fastened at about one-tenth of the 
distance from the elbow to the hand, and must exert a 
force ten times as great as the weight raised ; therefore, 
he that can lift 56 lbs. with his arm at a right angle at 
the elbow, exerts a force equal to 560 lbs. by the muscles 
of his arm. 



ARTICLE 19. 
OF COMPOUND LEVERS. 

Several levers may be applied to act one upon another, 
as 2 1 3 in fig. 9, Plate I, where No. 1 is of the first 
kind. No. 2 of the second, and No. 3 of the third. The 
power of these levers, united to act on the weight W, is 
found by the following rule, which will hold universsJly 
true in any number of levers united, or wheels (which 
operate on the same principle) acting upon one another. 

RULE. 

1st. Multiply the power P, into the length of all the 
driving levers successively, and note the product. 

2d. Then multiply all the leading levers into one ano- 
ther successively, and note the product. 
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Sd. Divide the first prodoct bj the last, and the quo- 
tient will be the weight W, that will hold the machine 
in equilibrio. 

This rule is founded on the first law of the lever, Art. 
16» and on this principle; namely : 

Let the weight W, and power P, be such, that when 
suspended on any compound machine, whether of levers 
united, or of wheels and axles, they hold the machine in 
equilibrio: then if the power P be multiplied into the 
radius of all the driving wheels, or lengths of the driving 
levers, and the product noted, and the weight W multi- 
plied in the radius of all the leading wheels, or lengths of 
the leading levers, and the product noted, these products 
will be equal. If we had taken the velocities, or the cir- 
cumferences of the wheels, instead of their radii, they 
would have been equal also. 

On this principle is founded all rules for calculating 
the power and motion of wheels in mills, &c. See Art. 
20. 

EXAMPLES. 

Given the power P equal to 4, on lever 2, at 8 distance 
from the centre of motion. Required, with what force 
lever 1, fastened at 2 from the centre of motion of lever 
2, must act to hold the lever 2 in equilibrio.* 

By the rule 4 x 8 the length of the long arm is 32, and 
this divided by 2, the length of tha short arm, gives 16, 




<}f levers. Reqtiivd, the weight W, on the other oik!, to 
hold the whole in eqniUbrio. 

Then by the rale, 4 x 8 x 6 x 2 = 884 the product of 
the power multiplied into the length of all the driving 
levers, and 2 x 2 x 8 s 32 the product of all the leading 
levers, and 384 ^ 32 z 12 the weight W required* 



ARTICLE 20. 
CALCULATING THE POWBK OP WHEEL WORK. 

The same rule holds good in calculating the power of 
machines consisting of wheels, whether simple or com- 
pound, by counting the radii of the wheels as the levers; 
and because the diameters and circumferences of circles 
are proportional, we may take the circumferences instead 
of the radii, and it will be the same result. Then, again, 
because the number of cogs in tbe wheels constitute the 
circle, we may take the number of cogs and rounds in- 
stead of the circle or radii, and the result will still be the 
same. 

Let fig. 11, Plate II, represent a water mill (for grind- 
ini^ grain) double geared. 

Wumber 8 The water-wheel, 

4 The great cog-wheel, 

2 The wallower, , 

3 The counter cog-wheel, 

1 The trundle, 

2 The mill-stones, 

And let the above numbers also represent the radius of 
each wheel in feet. 

Now suppose there be a power of 500 lbs. on the water- 
wheel required, what will be the force exerted on the 
QiiU-stone, 2 feet from the centre. 

Tbe tif n -(- P^^ ^ more, for addition. 

•^ niBiM, or leae, §6r eabetricUoii. 
X molliplied* for naiUpUcatioo. 
^ difided, for dlTitioo. 
M eqMlf fur cquiihy. 

TlMfi,iMeMr«r8i»«re«qttU19,Ithiaiirrite8 + 4«lii. latlMil of 13 Im 
4cqiMl8, 12 — 4iBa Instaadofe maltiplied b/4eQiiAl24,ix4'-S4. And 
iMle«d»orS4difidedbf 3eqiMl8,34-|.3iB8. '* 
4 
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Tfam by the rale, bOOxSxixlwt 800(1, and 4 x 8 
X 2 s 34, by which divide 8000, and it quotes 838,83 Ibt. 
the power or force reqoired, exerted on the millHrtone two 
foet from its centre which is the mean circle of a 6 feet 
atone. — And as the velocities are as the distance from the 
centre of motion, by the third law of circular motion, Art 
13, therefore, to find the velocity of the mean circle of the 
stone 2, apply the following rale ; namely : 

Ist Multiply the velocity of the water-wheel into the 
radii or circumferences of all the driving wheels, succes- 
sively, and note the product. 

2d. Multiply the radii or circumferences of all the 
leading wheels, successively, and note the product ; di- 
vide the first by the last product, and the quotient will 
be the answer. 

But observe here, that the driving wheels in this rule, 
are the leading levers in the last rule. 

EXAMPLES. 

Suppose the velocity of the water-wheel to be 12 feet 
per second ; then by the rule 12x4x3x2 = 288 and 
8 X 2 X 1 = 16, by which divide the first product 288, 
and this gives 18 feet per second, the velocity bf the stone 
2 feet from its centre. 
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Hence the general rule to compute the power of any 
engine, simple or compound, Art, 17. If you have the 
moving power, and its velocity or distance moved, given, 
and the velocity or distance of the weight, then, to find 
the weight,-{ which, in mills, is the force to move the 
stone, &c.) divide that product by the velocity of the 
weight or mill-stone, &c. and this gives the weight or 
force exerted on the stone to move it. But a certain 
quantity or proportion of this force is lost from friction 
in order to obtain a velocity to the stone ; which is shown 
in Art. 31. 



ARTICLE 22. 

NO POWER GAINED BT ENLARGING OVERSHOT 
WATER-WHEELS. 

This seems a proper time to show the absurdity of the 
idea of increasing the power of the mill, by enlarging the 
diameter of the water-wheel, on the principle of lengthen- 
ing the lever ; or by double gearing mills where single 
gears will do ; because the power can either be increased 
or diminished by the help of engines, while the velocity 
of the body moved is to remain the same. 

EXAMPLE. 

Suppose we enlarge the diameter of the water-wheel 
from S to 16 feet radius, fig. 11, Plate II. and leave theothfpr 
wheels unaltered ; then, to find the velocitv of the stone, 
allowing the velocity of the periphery of the water-wheel 
to be the same (12 feet per second ;) by the rule 12 x 4 
X 3 X 2 s 288, and 16 X 2 X 1 s= 32, by which divide 
288, which gives 9 feet in a second, for the velocity of 
the stone. 

Then, to find the power by the rule for that purpose, 
Art. 20, 500 X 16 X 2 X 1 » 16,000, and 4 x 3 x 2 s 
24, by which divide 16,000 it gives 666,66 lbs. the 
power. But as velocity as well as power, k necessary in 
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mills, we Bball be obliged, in order to restore the velocityt 
to enlarge Uie great cog-wbeel from 4 to 8 radios. 

Tben, to j5nd the velocity, 12x8x3x2 = 576, and 
16 X 2 X 1 = 32, by which divide 676, it gives 18, the 
velocity as before. 

Then to find the power by the rule, Art. 20, it will be 
333,33 as before. 

Therefore no power can be gained, upon the princi- 
ple of lengthening the lever, by enlarging the water- 
wheel. 

The true advantages that large wheels have over small 
ones, arise from the width of the buckets bearing but a 
small proportion to the radius of the wheel ; because if 
the radius of the wheel be 8 feet, and the width of the 
bucket or float- board but I foot, the float takes up 1-8 of 
the arm, and the water may be said to act fairly upon 
the end of the arm, and to advantage. But if the radius 
of the wheel be but 2 feet, and the width of the float 1 
foot, part of the water will act on the middle of the arm, 
and of course, to disadvantage, as the float takes up half 
the arm. The large wheel also serves the purpose of a 
fly-wheel (Art. 30 ;) it likewise keeps a more regular mo- 
tion, and casts off back water better. (See Art. 70.) 

But the expense of these large wheels is4o be takea 
into consideration, and then the builder will find that 
there is a maximum size, (See Art. 44,) or a size that wiU 
yield him the greatest profit. 
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Kwer ; and this pitch of gear, and size of spindle, maj 
ar too great a proportion to the radius of the trundle, 
(as does the size of the float to the radius of the water- 
wheel, Art. 22,) and may work hard. Ther;, therefore, 
maj be a loss of jpower on that account, greater than that 
resulting from friction in double gearing. 

2. By double gearing, the mill may be made more con- 
Tenient for two pair of stones to one water-wheel. 

Many and great have been the losses sustained by mill* 
builders on account of their not properly understanding 
these principles. I have often met with water wheels of 
large diameter, where those of half the size and expense 
would answer better; and double gears, where single 
would be preferable. 



ARTICLE 24. 
OF THE PULLEY. 

2. The pulley is a mechanical power well known. 
One pulley, if it be moveable with the weight* doubles 
the oower, because each rope sustains half the weight. 

It two Q( more pulleys be joined together in the com* 
mon way, then the easiest mode of computing their power 
is, to count the number of ropes that join to the lower or 
moveable block, and so many times is the power increased; 
because all these ropes have to be shortened, and all run 
into one rope (callea the fall) to which the moving power 
is applied. If there be 4 ropes, the power is increased 
fourfold. See Plate I. fig. 10. 

The objection to this engine is, that there is great bss 
of power, by the friction of the pulleys, and in Uie^ bend- 
ing of the ropes. 

ARTICLE 25. 
OF THE WHEEL AND AXLE. 

3. The wheel and axle, fig. 17, is a mechanical power^ 
similar to the lever of the first kind; therefore^ whea 

4* 
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the power is to the weight,^ as the diameter of the axle is 
to the dtameter of the wheel ; or when the power multi- 
plied into the radius of the wheel is equal to the weight 
multiplied into the radius of the axle, this eogine is in 
equilibrium. 

The loss of power is but small in this instrument, be- 
eause it has but little friction. 



ABTICLE 26. 
OF THE INCLINED PLANE. 

4. The inclined plane is the fourth mechanical power; 
and in this the power is to the weight, as the perpendicu- 
lar height of the plane is to its length. This is of use in 
rolling heavy bodies, such as barrels, hogsheads, &c., into 
wheel carriages, &c., and for letting them down again. 
See Plate I. fig. 5. If the height oft he plane be half its 
length, then half the force will roll the body up the plane, 
that it would lift it perpendicularly to the same heigbt^ 
but it has to travel aouble the distance. 



ARTICLE 27. 



OF THE WEDGE. 
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fofce of the power exerted in the strdce, ie communicated 
to the wedge in the time it continaes to move : and this 
force, to produce eflfect, is as the square of the velocity 
with which the mallet strikes, multiplied into its weight; 
therefore, the mallet should not be too large, because it 
may be too heavy for the workman's strength, and will 
meet too much resistance from the air, so that it will lose 
more by lessening the velocity, than it will gain by its 
weight. Suppose a mallet of 10 lbs. strike with 5 velocity, 
its effective momentum is 250; but if it strike with 10 
velocity, then its effective momentum is 1000. The 
effect produced by the strokes will be as 250 to 1000; 
and all the force of each stroke, except what may be de- 
stroyed by the friction of the wedge, is added in the wedge, 
until the sum of these forces amounts to more than the 
resistance of the body to be split, which therefore must 
give way ; but when the wedge does not move, the whole 
force is destroyed by the friction ; therefore the less the 
inclination of the sides of the wedge, the greater the re- 
sistance we can overcome by it, because it will be easier 
moved by the stroke. 



ARTICLE 28. 
OF .THE SCREW. ^ 

6. The screw is the last mentioned mechanical poweri ' 
and may be denominated a circular inclined plane, (as 
will appear by wrapping a paper, cut in form of an in^ 
olined plane, round a cylinder.) It is used in combina* 
tion with a lever of the first kind, (the lever being ap* 
plied to force the weight upon the inclined plane :) this 
compound instrument is a mechanical power, of exten* 
sive use, both for pressure, and raising ereat weights^ 
The power applied is to the weight it will raise, as the 
distance through which the weight moves, is to the dis^ 
taiice through whieh the power moves; that is, as the dis^ 
tiiice of two contiguous threads of the screw is to the oir* 
cle the power describes, so is the power to the wei||[ht it 
will raife. If the distance of the thread be half an inch, 
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and the lever be fifteen inches radios : and the power ap- 
plied be 10 lbs. then the power will describe a circle of 
94 inches, while the weight rises half an inch ; then, as 
half an inch is to 94 inches, so is 10 lbs. to 1880 lbs. the 
weight the engine would raise with 10 lbs. power. But 
this is supposing the screw to have no friction, of whioh 
it has a great deal. 



ARTICLE 29. 
OP THE FLY-WHEEL AND ITS USE. 

Before I dismiss the subject of mechanical powers, I 
<hall take some notice of the fly-wheel, the use of which 
is to regulate the motion of engines, it is best made of 
cast iron, and should be of a circular form, that it may 
not meet with much resistance from the air. 

Many have supposed this wheel to be an increaser of 
power, whereas it is, in reality a considerable destroyer 
of it : which appears evident, when we consider that it 
has no motion of its own, but receives all its motion from 
the first mover ; and as the friction of the gudgeons, and 
the resistance of the air are to be overcome, this cannot be 
done without the loss of some power ; yet this wheel is of 
rreat \me in many ca^e^: namely : 
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force of the. water is employed ia generating momentum 
in the fly-wheel ; which force accumulated in theflyt will 
be sufficient to continue the motion without much abate- 
ment, while the sheet of metal is running between the 
rollers; whereas, had the force of the water been lost 
while the mill was empty, its motion might be destroyed 
before the metal passed.through the rollers. Where wa- 
ter is scarce its effect may be so far aided by a fly-wheel, 
as to overcome a resistance to which the direct force of 
the water is unequal, that is, where the power is required 
at intervals only. , 

A heavy water-wheel frequently produces all the effect 
of a fly-wheel| in addition to its direct office. 



ARTICLE 30. 
ox FRICTION. 

We have hitherto considered the action and effect of 
the mechanical powers, as they would answer to the 
strictness of mathematical theory, were there no such 
thing as friction or rubbing of parts upon each other ; bat 
it is generally allowed, that one-fourth of the effect of a 
machine is, at a medium, destroyed by it : it will be pro- 
per to treat of it next in course. 

From what I can gather from different authors, and by 
my own experiments, it appears that the doctrine of fric- 
tion is as follows, and we may say it is subject to the fol- 
lowing laws ; namely : 

Laws of Friction. 

1. Friction is greatly influenced by the^moothness or 
roughness, hardness, or softness, of the surfaces rubbing 
against each other. 

2. It is in proportion to the pressure, or load, that is, a 
double pressure will produce a double amount of friction, 
a triple pressure a triple amount of friction, and so of any 
other proportionate increase of the load. 

3. The friction does not depend upon the extent of 
surface, the weight of the body remaining the same. 
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Thus, if a parellelopiped, say of four inches in width and 
one in thickness, as F, plate II. fig. 13, be made smooth, 
and laid upon a smooth plane A. B. C. D. and the weight 
P. hung over a pulley, it will require the weight P. to 
draw the body F along, to be equal, whether it be laid on 
its side or on its edge. 

The experiments of Vince led him to conclude that the 
law, as thus laid down, was not correct ; but, those more 
recently performed justify the conclusion, that it is so, 
the deviations being so trifling, as not to affect the gene* 
ral result 

4. The friction is greater after the bodies have been 
allowed to remain for some time at rest, in contact with 
each other, than when they are first so placed ; as for 
example, a wheel turning upon gudgeons will ^require a 
greater weight to start it after remaining for some hoars 
at rest, than it would at first. 

The cause of this appears to be, that the minute aspe- 
rities which exist even upon the smoothest bodies, gradu- 
idly sink into the opposite spaces, and thus hold upon 
each other. 

It is for the same reason, that a greater force is re- 
quired to set a body in motion, than to keep it in motion, 
if about i the amount of a weight be required to move 
that weight along in the first instance, i will suffice to 
keep it in motion. 

6. The friction of axles does not at all depend upon 
their %^eloeitv : lhus> a rail-road c:ir travulli 
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ARTICLE 31. 
ON THE FRICTION OF DIFFERENT SUBSTANCES. 

It is well known that in general the friction of two dis- 
similar sabstances is less than that of similar sabstances, 
aithoagh alike in hardness. The most recent experi- 
ments apon this subject are those of Mr. Rennie, of Eng- 
land, performed in the year 1825, and published in the 
Philosophical Transactions. Many of the experiments 
were performed upon substances which do not concern 
the present work ; those with the metals, and other hard 
substances, were tried both with and without unguents. 

The following facts were deduced from those in which 
unguents were not employed : 

Tuble showing the atnouni offrictton {without unguent») cf different 
tubetances, the insistent weight being 36tbe,j and within the iimiti 
if abrasion of the ioftereubstancee. 

rartt of ttw 
wbote wiifiMa. 

Bnss on wrooj^ht iron 7.38 

BiiM on east iron ••.•••••• 7.11 

Bnasontteel 7.90 

Sofl steel on soft steel 6.85 

Cast iron on steel €.63 

Wron^t iron OB wroaght iron ....... 6.96 

Cast iron on cast iron •.•••.•• ^.Id 

Hard brass on cast iron •- - - 6.00 

Cast iron on wroogiit iron ••...... 5.87 

Brass on brass ....••••.- 5.70 

Tin on caM iron .......--- 5.59 

Tin on wrooght iron -.---.--- 5.53 

60A ttaei on wrought iron -- 5.98 

With unguents it was found that, with gun metal on 
cast iron, with oil intervening, the insistent weight be- 
ing 10 cwt. the friction amounted to r^ of the pressure ; 
that b^ a diminution of weight, the friction was rapidly 
diminished. 

That cast iron on cast iron, under similar cirdum- 
staooesi showed less friction ; and that this was still fiir- 
tber diminished by hpg's lard. 
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That yellow brass, on caat iron with anti-attrition com* 
position of black lead and hog's lard, increased friction 
with light weights, and greatly diminished it with heavy 
weights, showing extremely irregular results. 

That yellow brass, on cast iron, with tallow, gave the 
least friction, and may therefore be considered the best 
substance under the circumstances tried. 

That yellow brass on cast iron, with soft soap, gave 
the second best result, being superior to oiK 



ARTICLE 32. 
OP MECHANICAL CONTRIVANCES, TO REDUCE FRICTION. 

Friction is considered as of two kinds, the first is oc- 
casioned by the rubbing of the surfaces of bodies against 
each other, the second by the rolling of a circular body, 
as that of a carriage wheel upon the ground, or rollers 
placed under a heavy load. In the preceding articles 
the first kind of friction has been considered ; it is that 
which we most frequently have to encounter, and which 
produces the greatest expenditure of power. When the 
parts can be made to roll over each other, the resistance 
IS greatly diminished. To change one into the other has 
been the object of those mechanical contrivances denomi- 
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liability to ^t out of order. The robbing friction still 
exists in their gadgeons, and it has frequently happened 
that instead of turning them, the gudeeon resting upon 
them, has roiled round, whilst they have remained at 
rest 

The principle of the roller has already been noticed, 
and its mode of action is shown in fig. 15, Plate II, where 
A B may represent a body of 100 tons weight, with the 
under side perfectly smooth and even, set on rollers per- 
fectly hard and smooth, rolling on a horizontal plane, C D, 
perfectly hard, smooth, and horizontal If these rollers 
stand precisely parallel to each other, the least imagina- 
ble force would move the load ; even a spider's web would 
be sufficient, were time allowed to overcome the inertia. 

These suppositions, however, can never be realized, 
and although in this mode of action there will be the least 
possible rubbing friction, there will be enough to produce 
considerable resistance. 

It has been attempted to apply this principle to wheel 
carriages, to the sheaves of blocks on ship board and to 
the axles of other machinery, by an ingenious contrivance 
called Garnett's friction rollers, for which a patent was 
obtained in England about fifty years a^o, by an Ameri- 
can gentleman from New Jersey. This contrivance is 
shown at fig. 16, Plate II. The outside ring B. C. D. 
may represent the box of a carriage wheel; the inside 
circle A the axle ; the circles a a a a a a the rollers round 
the axle, and between it and the box ; the inner ring is a 
thin plate for the pivots of the rollers to rua in to keep 
them at a proper distance from each other. When the 
wheel turns, the rollers pass round on the axle, and on 
the inside of the box, and that almost without friction, 
because there is no rubbing of the parts in passing one 
another. 

Such friction rollers, from the use of which so much 
was expected, have not been found to answer in practice. 
if not made with the most perfect accuracy, they gather 
as they roll and thus increase the friction. In carriages, 
and indeed in every kind of machines, subject to an ir- 
regular jolting motion, the rollers, and the cylinder with- 
5 
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JQ which they revolve, soon become indentedi and ara 
then worse than useleas. 



ARTICLE 33. 
OF MAXIMUMS, OR THE GREATEST EFFECTS OF ANY MACHIIIB. 

The effect of a machine is the distance to which it 
moves a body of given weight, in a given time; or» in 
other words, the resistance which it overcomes. The 
weight of the body multiplied into its velocity, is the 
measure of this effect. 

The theory published by philosophers, and received 
and taught as true, for several centuries past, is, that anj 
machine will work with its greatest perfection when it la 
charged with just 4-9ths of the power that would hold it 
in equilibrio, and then its velocity will be just ^ of the 
greatest velocity of the moving power. 

To explain this, we may suppose the water-wheelt 
Plate II., fig. 17, to be of the undershot kind, 16 feet diar 
meter, turneid by water issuing from under a 4 feet head» 
with a gate drawn 1 foot wide, and 1 foot high, then the 
force will be 250 lbs., because that is the weight of the 
column of water above the gate, and its velocity will be 
16,2 feet per second, as shall be shown under the heed 
of Hydraulics; the wheel will tlien be moved by 
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wheel mil then be | of 16 feet» or 5^33 feet per second. 
So sa^ those who have treated of it. 

This will probably appear plainer to a beginner, if he 
conceives this wheel to be applied to work an elevator, 
as £, Plate II., fig. 17, to hoist wheat, and suppose that 
the backets when all full, contain nine pecks, and will 
hold the wheel in equilibrio, it is evident it will then 
hoist none, because it has no motion ; and in order to oh* 
tain motion, we must lessen the quantity in the buckets, 
when the wheel will begin to move, and hoist faster and 
fiuter until the quantity is decreased to 4-9ths or 4 pecks, 
and then, by the theory, the velocity of the machine will 
be ^ of the greatest velocity, when it will hoist the great- 
est quantity possible in a given time : for if we lessen the 
quiuitity in the buckets below 4 pecks, the quantity 
hoisted in any given time will be lessened ; this is the 
estaUished theory. 



ARTICLE 34. 
OLD THEORY INVESTIGATED. 

In order to investigate this theory, and the better to 
naderstand what has teen said, let us consider as follows; 
aakiely: 

1. That the velocity of spoutihg water, under 4 feet 
headi is 16 per second, nearly. 

2. The section or area of the gate drawn, in feet, mul- 
tiplied by the height of the head in feet, gives the cubic 
Iset in the whole column, which multiplira by 62,5 (the 
weight of a cubic foot of water) gives the weight or force 
rftoe whole column pressing on the wheel. 

3. That the radius of the wheel, multiplied by the 
feroe, and that product divided by the radius of the 
axle, gives the weight that will hold the wheel in equi- 
librio. 

4. That the absolute velocity of the wheel, substracted 
from the absolute velocity of the water, leaves the re- 



52 MBOHANIOBl fCtn^t. 

lative velocity with which the water strikes the wheel 
when in motion. 

S. That as the radius of the wheel, is to the radius of 
the axle, so is the velocity of the wheel, to the velocity of 
the weight hoisted on the axle. 

. 6. That the effects of spouting fluids, are as the squares 
of their velocities (see Art. 45, law 6,) but the instant 
force of striking fluids is as their velocities simply. See 
Art. 8. 

7. That the weight hoisted, multiplied into its perpen* 
dicular ascent gives the effect. 

8. That the weight of water expended, multiplied into 
its perpendicular descent, gives the power usckI per se- 
cond. 

On these principles I have calculated the following 
scale : first supposing the force of striking fluids, to be as 
the square of their striking or relative velocity, which 
brings out the maximum agreeably to the eld theory, 
namely : 

When the load at equilibrio is 2000, then the maxi- 
mum load is 888,7 = 4-9ths of 2000, the effect being then 
greatest, namely, 591,98, as appears in the 6th column; 
and then the velocity of the wneel is 5,333 feet per se- 
cond, equal to § of 16, the velocity of the water, as ap- 
pears in the 5th line of the scale : but there is an evident 
error in the first principle of this theory, by counting the 
instant force of the water on the wheel to be as the square 
of its striking velocity, it cannot, therefore^ be true. See 
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William Waring had also, about the same time, esta- 
blished it, see Art. 37,^ namely, that when any machine 
is charged with just one-half of the load that will hold it* 
in equiiibrio, its velocity will be just one-half of the na- 
tural velocity of the moving power, and then its effect 
will be at a maximum, or the greatest possible. 

It thus appears that a great error has been long over- 
looked by philosophers, and that this has rendered the 
theonr of no use in practice, but lead many into expen- 
sive Kiilures. 
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ARTICLE 35. 
NEW THEORY DOUBTED. 

Although I know that the velocity of the wheel, by 
this new theory, is (though rather slow,) much nearer to 
general practice than by the old, yet I am led to doubt 
Its correctness, for the following reasons ; namely : 

There are 16 cubic feet of water, equal to 1000 lbs. ex- 
pended in a second ; which multiplied by its perpendicu- 
lar descent, 4 feet, produces the power 4000. The ratio 
of the power and effect by the old theory, is as 10 to 1,47, 
and by the new, as 4 to 1, as appears in the 9th column 
of the scale ; this is a proof that the old theory is incor- 
rect, and sufficient to make us suspect that there is some 
error in the new. And as the subject is of the greatest 
consequence in practical mechanics, I therefore have en- 
deavoured to discover a true theory, and will show my 
work, in order that if I establish a theory, it may be the 
easier understood, if right, or detected, if wrong. 



ARTICLE 36. 
ATTEMPT TO DEDUCE A TRUE THEORY. 

I constructed the apparatus fig. 18, Plate II., which re- 
presents a simple wheel with a rope passing over it, and 
the weight P, 100 lbs. at one end to act by its gravity,. as 
a power to produce effects, by hoisting the weight w at 
the other end. 

This seems to be on the principles of the lever, and 
overshot wheel ; but with this exception, that the quan- 
tity of descending matter, acting as power, will still be 
the same, although the velocity will be accelerated, 
whereas, in oversnot wheels, the power on the wheel is 
iaversely, as the velocity of the wheel. 

Here we must consider, 

1. That the perpendicular descent of the body P, per 
second, multiphed into its weight, shows the power. 

2. That the weight w, when multiplied into its per- 
pendicular ascent, gives the effect 

3. That the natural velocity of the falling body P, is 16 
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feet the first second, and the distance it has to fall 16 
feet. 

4. That we suppose the weight w, or resistance will 
occupy its proportional part of the velocity, that is, if w 
be =: i P, the velocity with which P will then descend, 
will be i 16 = 8 feet per second. 

5. If w be = P, there can be no velocity, consequently 
no effect; and if w = o, then P will descend 16 feet in a 
second, but produce no effect, because the power, although 
1600 per second, is applied to hoist nothing. ' 

Upon these principles I have calculated the following 
scale. 

A SCALE 



FOB DBTERMINIVO THE 

Maximum Charge and Velocity of \QQ lbs. 

DESCENDING BY ITS GRAVITY. 
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By this scale it appears, that when the weight w is = 
50 = i P the power, the effect is at a maximum, namely, 
400, as appears in the 6th column, when the velocity is 
half the natural velocity, namely, 8 feet per second ; and 
then the ratio of the power to the effect is as 10 to 5, as 
appears in the 8th line. 

By this scale it appears, that all engines that are moved 
by one constant power, which is equdly accelerated in its 
velocity, must be charged with weight or resistance equal 
to half the moving power, in order to produce the great- 
est effect in a given time ; but if time be not regarded, 
then the greater the charge, so as to leave any velocity, 
the greater the effect, as appears by the 8th column. So 
that it appears that an overshot wheel, if it be made im- 
mensely capacious, and to move very slowly, may pro- 
duce effects in the ratio of 9,9 to 10 of the power. 



ARTICLE 37. 
SCALE OP EXPERIMENTS. 

The following is a scale of actual experiments made to 
prove whether the resistance occupies its proportion of 
the velocity, in order that I might judge whether the 
foregoing scale was founded on true principles : the ex- 
periments were not very accurately performed, but were 
often repeated, and the results were always nearly the 
same. See Plate II. fig. 18. 
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By this scale it appears, that when the power P falls 
freely without any load, it descends 40 feet in five equal 
parts of time ; but when charged with 3,6 lbs. ^ P, which 
was 7 lbs., it then takes up 10 of those parts of time to 
descend the same distance ; which seems to show, that 
the charge occupies its proportional part of the whole Te- 
locity, which was wanted to be known, and the maximum 
appears as in the last scale. It also shows that the effect 
is not as the weight multiplied into the square of its as- 
cending velocity, this being the measure of the effect 
that would be produced by the stroke on a non-elastic 
body. 

Atwood, in his Treatise on Motion, gives a set of ac- 
curate experiments, to prove (beyond doubt) that the con- 
clusion I have drawn is right ; namely : — That the charge 
occupies its proportional part of the whole velocity. 

These experiments partly confirmed me in what I have 
called the New Theory: but still doubting, and after I 
had formed the foregoing tables, I called for his assist- 
ance, on the late ingenious and worthy friend, William 
Waring, teacher in the Friend's Academy, Philadelphia, 
who informed me that he had discovered the error in the 
old theory, and corrected it in a paper which he had laid 
before the Philosophical Society of Philadelphia, wherein 
he had shown that the velocity of the undershot water- 
wheel, to produce a maximum effect, must be just one- 
half the velocity of the water. 



ARTICLE 38. 

William Waking's theory. 

The following are extracts from the above mentioned 
paper published in the third volume of the Transactions 
of the American Philosophical Society, held at Philadel- 
phia, p. 144. 

After his learned and modest introduction, in which 
he shows the necessity of correcting so great an error as 
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the old theory, be begins with these wohls ; namely :— 
'< Bat, come to the point, I wonld jost premise these 

DEFINmONS. 

If a stream of water impinge against a wheel in motion, 
there are three different velocities to be considered ap- 
pertaining thereto ; namely: — 

1st. The absolute velocity of the water. 

2d. The absolute velocity of the wheel. 

3d. The relative velocity of the water to that of the 
wheel ; that is, the difference of the absolute velocities, 
or the velocity with which the water overtakes or strikes 
the wheel. 

Now the mistake consists in supposing the momentum 
or force of the water against the wheel, to be in the du- 
plicate ratio of the relative velocity ; whereas : 

Prop, i. 

The force of an invariable stream impinging against a 
mill-wheel in motion, is in the simple proportion of the 
relative velocity. 

For, if the relative velocity of a fluid against a single 
plane be varied either by the motion of the plane or of 
the fluid from a given aperture, or both, then the num- 
ber of particles acting on the planei in a i^iveii time, and 
'ike 
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only on accoont of the varied impingent velocity of the 
same body, occasioned by a change of motion in the 
wheel ; that is, the momentum is as the relative velocity. 

Now this true principle, substituted for the erroneous 
one in use, will bring the theory to agree remarkably 
with the notable experiments of the ingenious Smeaton, 
poblished in the Philosophical Transactions of the Royal 
Society of London, for the year 1751, vol. 51 ; for which 
the honorary annual medal was adjudged by the society, 
and presented to the author by their president. 

An instance or two of the importance of this correction 
may be adduced, as follows : 

Prop. n. 

The velocity of a wheel, moved by the impact of a 
ftream, must be half the velocity of the fluid, to produce 
the greatest effect possible. 

C V = the velocity, M = the momentum, of the fluid. 

^v = the velocity, P = the power, of the wheel 

Then V — v = their relative velocity by definition 3d. 

And as V:V— v::M:?!xV^ = P, (Prop. 1,) which 

X V = P,v X !! xVv — V* = a maximum ; hence Vv — v* = 
V 

a maximum and its fluxion (v being a variable quantity) 
=Vv — ^2vv = O ; therefore = i V; that is, the velocity of 
the wheel = half that of the fluid, at the place of im- 
pact when the effect is a maximum. Q. E. D. 

The usual theory gives v = J V, where the error is not 
than one-sixth of the true velocity. 

Wm. Waring." 
Philadelphia, Jthl 
9th fno. 1790. 5 
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I here omit quoting Proposition III. as it is altogether 
algebraical, and refers to a figure ; I am not writing for 
men of science, but for practical mechanics. 



ARTICLE 39. 

Extract from a further piper, read in the Philosophical 
Society, Jlpril bth, 1793. 

" Since the Philosophical Society were pleased to fa- 
vour my crude observations on the theory of mills with 
a pubhcation in their transactions, I am apprehensive 
some part thereof may be misapplied ; it being therein 
demonstrated, that * the force of an invariable stream im- 

Singing against a mill-wheel in motion, is ir^ the simple 
irect ratio of the relative velocity.' Some may suppoie 
that the effect produced should be in the same proportioo, 
and either fall into an error, or finding by experiment, 
the effect to be as the square of the velocity, conclude the 
new theory to be not well founded ; I therefore wish 
there had been a little added, to prevent such misapplica- 
tion before the Society had been troubled with the read- 
ing of my paper on that subject, perhaps something like 
the following. 

The maximum effect of an undershot wheel, produced 
by a given quantity of water, in a given time, is in the 
Juplicata ratio of the velocity of the water; for the effect 
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If the force, acting oa the wheel, were in duplicate 
ratio of the water's velocity, as is usually asserted, then 
the effect would be as the cube thereof, when the quan- 
tity of water and time are given, which is contrary to the 
result of experiment." 



ARTICLE 40. 

waking's theory doubted. 

From the time I first called on William Waring, until 
I read his publication on the subject (after his death,) I 
had rested partly satisfied with the new theory, as I 
have called it, with respect to the velocity of the wheel, 
at least, but finding that he had not determined the 
charge, as well as the velocity, by which we might have 
compared the ratio of the power and the effect produced, 
and that he had assigned somewhat different reasons for 
the error, and having found the motion to be rather too 
slow to agree with practice, I began to suspect the whole, 
and resumed the search for a true theory ; thinking that 
perhaps no person had ever yet considered every thing 
that efiects the calculation; I therefore premised the fol- 
lowing. 

POSTULATES. 

1. A givea quantity of perfectly elastic, or solid mat- 
ter impinging on a fixed obstacle, its effective force is 
as the squares of its different velocities, although its in- 
stant force may be as its velocities simply, because the 
distance it will recede after the stroke through any re- 
siHting medium, will be as the squares of its impinging 
velocities. 

2. An equal quantity of elastic matter impinging on a 
fixed obstacle with a double velocity, produces a quad- 
ruple effect, their effects are as the squares of their velo- 
cities. Consequently — * 

.3. A double quantity of said matter, impinging with a 
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double velocity, produces an octuple effect, or their ef- 
fects are as the cubes of their velocities, Art. 47 and 67. 

4. If the impinging matter be non-elastic, such as 
fluids, then the instant force will be but half, but the ra- 
tio will be the same in each case. 

5. A double velocity, through a given aperture, gives 
a double quantity to strike the obstacle or wheel ;/ there- 
fore the effects will be as the cubes of the velocity. See 
Art. 47. 

6. But a double relative velocity cannot increase the 
quantity that is to act on the wheel ; therefore, the ef- 
fect can only be as the square of the velocity, by postu- 
late 2, 

7. Although the instant force and effects of fluids 
striking on fixed obstacles, are only as their simple velo- 
cities, yet their effects, on moving wheels, are as the 
squares of their velocities ; because, 1st, a double striking 
velocity gives a double instant force, which bears a dou- 
ble load on the wheel ; and 2d, a double velocity moves 
the load a double distance in an equal time, and a double 
load moves a double distance, is a quadruple effect. 



ARTICLE 41. 
SEARCH FOR A TRUE THEORY, COMMENCED ON A NEW PLAN. 
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then be iust equal to the 1 foot of the bead, the velocity 
of which is checked ; and this load multiplied into tlie 
velocity of the wheel ; namely : 31,34 x 1 = 31,34, for the 
effect. 

This appears to be the true principle, from which we 
must seek the maximum velocity and load, for such en- 
gines as are moved by one constant power; and on this 
principle I have calculated the following scale. 

A SCALE 

FOR DETERMINING THE 

TRUE MAXIMUM VELOCITY AND LOAD 

FOR 

UNDERSHOT WHEELS. ** 
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In this scale let us suppose the aperture of the gate to 
be a square foot; then the greatest load that will balance 
the head will be 16 cubic feet of water, and the diflferent 
loads will be shown in cubic feet of water. 

It appears, by this scale, that when the wheel is load- 
ed with 10,66 cubic feet of water, just § of the greatest 
load, its velocity will be 18,71 feet per second, just ,577 
parts of the velocity of the water, and the effect produced 
IS then at a maximum, or the greatest possible, namely: 
199,44. 

To make this more plain, let us suppose A B, Plate 
II. fig. 19, to be a fall of water of 16 feet, which we 
wish to apply to produce the greatest effect possible, by 
hoisting water on its side, opposite to the power applied. 
First, on the undershot principle, where the water acts 
by its impulse only. Let us suppose the water to strike 
the wheel at I, then if we let the wheel move freely with- 
out any load, it will move with the velocity of the water, 
namely, 32,4 feet per second, but will produce no eflfect, 
if the water issue at C ; although there be 32,4 cubic feet 
of water expended, under 16 feet perpendicular descent 
Let the weight of a cubic foot of water be represented by 
unity or 1, for ease in counting ; then 32,4 x 16 will show 
the power expended, per second, namely, 518,4; and the 
water it hoists multiplied into its perpendicular ascent, or 
height hoisted, will show the effect. Then in order to 
obtain effect from the power, we load the wheel ; the sim- 
ple^i way of doin^ which is, tocau&e the tube of v^^aterC 
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no resistance to oppose the pressure of these 4 feet, the 
velocity will be tnat of water spouting from under a 4 
feet head, namely, 16,2 feet per second, which is shown 
by the horizontal line, 4 = 16,2 and the perpendicular 
line, 12 = 12, represents the load of the wheel ; the rec- 
tai^le or product of these two lines forms a parallelogram 
the area of which is a true representation of the elfect, 
namely, the load 12 multiplied into 16,2 the distance it 
moves per second = 194,4, the effect. In like manner we 
may try the effect of different loads ; the less the load, the 
greater will be the velocity. The horizontal lines all 
show the velocity of the wheel, produced by the respec- 
tive heads left unbalanced, and the perpendicular lines 
show the load on the wheel ; and we find, that when the 
load is 10,66 = f 16, the load at equilibrio, the velocity of 
the wheel will be 18,71 feet per second, which is -—^ parts 
or a little less than 6 tenths, or f the velocity of the water, 
and the effect is 199,44, the maximum, or greatest possi- 
ble; and if the aperture of the gate be 1 foot, the quantity 
will be 19,71 cubic feet per second. The power being 
18,71 cubic feet expend^ per second, multiplied by 16 
feet of the perpendicular descent, produce 299,36, the 
ratio of the power and effect, being as 10 to 6, -^ , or 
nearly as 3 : 2; but this is supposing none of the force 
lost by non-elasticity. 

This may appear plainer, if we suppose the vrater to 
descend in the tube A B, and by its pressure, to raise 
the water in the tube CD; for it is evident, that if we 
raise the water to D, we have no velocity, therefore, 
effect = o. Then again, if we open the gate at C, we 
have 32,4 feet per second velocity; but because we do 
DOt hoist the water to any height, effect is = o. There- 
fore, the maximum is somewhere between C and D. 
Then suppose we open gates of 1 foot area, at different 
heights, the velocity will show the quantity of cubic 
feet raised; which multiplied b^ the perpendicular 
height of the gate from C, or height raised, gives the 
effect, and the maximum as before. But here we must 
eonsider that in both these cases the water acts as a 
perfectly definite quantity, which will produce effects 
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equal to elastic bodies, or equal to its gravity (See Art. 
59, (which is unattainable in practice : whereas, when it 
acts by percussion only, it communicates only half of itB 
original force, on account of its non-elasticity, the other 
half being spent in splashing about; therefore, the true 
effect will be f^ (a htlle more than i) of the moving 
power ; because nearly ^ is lost to obtain velocity, and 
naif of the remaining § is lost by non-elasticity. Theae 
are the reasons why the effect produced by. an undershot 
wheel is only half that produced by an overshot wheel, 
the perpendicular descent and quantity of water being 
equal. And this agrees with Smeaton's experiments 
(See Art. 68;) but if we suppose the velocity of the wbed 
to be one-third that of the water = 10,8, and the load to 
be i of 16, the greatest load at equilibrio, which is = 7,111, 
as by old theory, then the effect will be 10,8 x 4,9 of 16 
s 76,79 for the effect which is quite too little, the moving 
power being 32,4 cubic feet ot water multiplied by 16 
feet descent = 518,4; the effect by this theory being lets 
than 7^ of the power, about half equal to the effect, by 
experiment, which effect is set on the outside of the dotteo 
circle in fig. 19. The dotted lines join the corner of the 

Iiarallelograms, formed by the lines that represent the 
oads and velocities, in each experiment or supposition, 
the areas of which truly represent the effect, and the 
dotted line A a d x, meeting the perpendicular line x E 
in the point x, forming the parallelogram A B Cx; truly 
represL*nts the power = 51h^ L 
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with practice : but as most mills in practice move faster, 
and few slower, than what I call the true maximum, this 
shows it to be nearest the truth; the true maximum ve- 
locity being ,677 of the velocity of the water, and the mills 
in practice moving with J, and generally quicker.* 

This scale also establishes a true maximum charge for 
an overshot wheel; that is, if we suppose the power, 
or quantity of water on the wheel at once, to be always 
the same, even although the velocity vary, which 
would be the case, if the buckets were kept always full: 
for, suppose the water to be shot into the wheel at a, and 
by its gravity to raise the whole water again on the op- 
posite side ; then as soon as the water rises in the wheel 
to d, it is evident that the wheel will stop, and the effect 
bb=: o; therefore, we must let the water out of the 
wheel, before it rises to d, which will be, in eflFect, to lose 
part of the power to obtain velocity. If the buckets both 
descending and ascending, carry a column of water 1^ 
foot square, then the velocity of the wheel will show the 
quantity hoisted as before, which multiplied by the per- 
pendicular ascent, shows the effect ; and the quantity 
expended multiplied by the perpendicular descent shows 
the power; and we find, that when the wheel is loaded 
with f of the power, the effect will be at a maximum; 
that is, the whole of the water is hoisted, f of its whole 

* Tbe reaaoo why the wheel bean to great a load at a maximam, appean to be 
•• fellows ; namely : — 

A 16 feet head of water orcr a jrate of 1 foot, iwue« 33^ ttahtr. fi«t of water in a 
•Moad, to fUike the wheel in the same time, that a heavy body will take up in fall. 
uur Ihron^h ihA h«i«Kt of thp. htuid. Nour, if 16 cubic feet of el&stic matter were to 
fiul 16 feet, and strike an elastic plane, it would rise by the force of the stroke to the 
hdfht from whence it fell ; or, in other words, it will Jia?e force sufficient to bear a 
load of 16 cubic feet. 

Afain, if 32 cubic feet of non^lastic matter, moving- with the same velocity (with 
which the 16 feet of elastic matter struck the pUne,) strike a wheel in the same time, 
alihoogh it communicate only half the force that gave it motion ; yet because there 
im a double quantity striking in the same time, the effects will be equal ; that is, it 
will bear a load of 16 eubic feet, or the whole column to hold it in equilibrio. 

A^in, to check the whole velocity, requires t^to whnle column that produces the 
Telocity; consequently, to check any part of the velocity, will require such a part of 
Ifae column, as is equal to the part checked ; and we find by Art. 41, that, to check 
ibe^velocity of the wheel, so as to be ,577 of the vt locity of the water, it requires 
ft3d» of the whole colamn, and this i^ the maximum load. When the velocity of 
tlw wheel is multiplied by 2 3ds of the column, it prodnees the effect, which will be 
to the power, as 38 to 100 ; or, as 3,8 to 10, somewhat more than 1.3d, and the fiic 
tioa and resistance of the air may reduce it to 1.3d. 
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descent; or § of the water, the whole of the descent ; 
therefore, the ratio of the power to the effect is as 3 to 2^ 
or double the effect of an undershot wheel: but this is 
supposing the quantity in the buckets to be always the 
same, whereas, in overshot wheels, the quantity in the 
buckets is inversely as the velocity of the wheel ; that is, 
the slower the motion of the wheel, the greater the quan- 
tity in the buckets, and the greater the velocity, the less 
the quantity: but again, as we are obliged to let the over- 
shot wheel move with a considerable velocity, in order to 
obtain a steady, regular motion to the mill, we shall find 
this charge to be always nearly right; hence, I deduce 
the following theory. 



ARTICLE 42. 

THEORY. 



A TRUE THEORY DEDUCED. 

This scale seems to have shown, 

1. That when an undershot mill moves with ,577 or 
nearly ,6 of the velocity of the water, it will then bear a 
charge, equal to § of the load that will hold the wheel in 
equilibrio, and then the effect will be at a maximum. The 
ratio of the power to the effect will be as 3 to 1. nearly. 
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2. It agrees belter than any other theory, with the in- 
genious Smeaton's experiments. 

8. It agrees best with real practice, according to the 
best of my information. 

Yet I do not wish any person to receive it implicitly, 
withoQt first informing hi mself whether it be well founded, 
and in accordance with actual experience: for this reason 
I have quoted the experiments of ^meaton at full length, 
in this work, that the reader may compare them with the 
theory. 

TRUE THEOREM FOB^ FINDING THE MAXIMUM CHARGE FOR 
UNDERSHOT WHEELS. 

As the square of the velocity of the water, or wheel 
empty is to the height of the head, or pressure, which 
proQUced that velocity, so is the square of the velocity of 
the wheel loaded, to the head, pressure, or force, which 
vrill produce that velocity ; and this pressure, deducted 
from the whole pressure or force, will leave the load 
moved by the wheel, on its periphery or verge, which 
load multiplied by the velocity of the wheel, shows the 
effect. 

PROBLEM. 

Let V = 32,4, the velocity of the water or wheel, 
P = 16, the pressure force or load, at equilibrio, 
V = the velocity of the wheel, supposed to be 16, 

2 feet, per second, 
p = the pressure, force, or head, to produce said 

velocity, 
1 = the load on the wheel, 
Then to find 1, the load, we must first find p ; 
Then, by 

Theorem VV : P::vv:p. 
And P— p = 1 
VVp = vvP 

vvP 
P= — ^4 

VV 
IsP— psl2, theload. 
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Which, in words at length, is the square of the velocity 
of the wheel multiplied by the whole force, pressure or 
head of the water, and divided by the square of the 
velocity of the water, quotes the pressure, force, or head 
of water, that is left unbalanced by the load to produce 
the velocity of the wheel ; which pressure, force, or headt 
substracted from the whole pressure, force, or head, 
leaves the load that is on the wheel. 



ARTICLE 43. 

Theorem for finding the velocity of the wheels when we have 
the velocity of the water, load at equilihrio, and load an 
the wheel given. 

As the square root of the whole pressure, force or load 
at equilibrio, is to the velocity of the water, so is the 
square root of the difference, between the load on the 
wneel, and the load at equilibrio, to the velocity of the 
wheel. 

PROBLEM. 

Let V = velocity of the water = 32,4, 

P = pressure, force, head, or load at equilibrio s 
16, 1 = the load on the wheel, suppose 12, 
V = velocity of the wheel, 
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Perhaps here may now appear the true cause of the 
error in the old theory, Art. 34, by supposing the load on 
the wheel, to be as the square of the relative velocity of 
the water and wheel. 

And of the error in what I have called the new theory, 
by supposing the load to be in the simple ratio of the re- 
lative or striking velocity of the water, Art. 38 ; whereas 
it is to be found by neither of these proportions. 

Neither the old nor the new theory agrees with prac- 
tice ; therefore, we may suspect they are both founded in 
error. 

But if what I call the true theory should be found to 
accord with experience, the practitioner need not be much 
concerned on what it is founded. 



ARTICLE 44. 

Of the Maximum Velocity for Overshot Wheels^ or those 
that are moved by the weight of the Water. 

Before I dismiss the subject of maximums, I think it 
best to consider, whether this doctrine will apply to the 
motion of the overshot wheel. It seems to be the gene- 
ral opinion of those who consider the matter, that it will 
not; but that the slower the wheel moves, provided it be 
capacious enough to hold all the water, without losing 
any until it be delivered at the bottom of the wheel, the 
jester will be the effect* which appears to be the case 
m theory (See Art. 36,) but how far this theory will hold 
good in practice is to be considered. Having met with 
the ingenious James Smeaton's experiments, where he 
shows that when the circumference of his little wheel, 
of 24 inches diameter, (head 6 inches) moved with abqut 
3,1 feet per second (although the greatest effect was di- 
ininished about ^ of the whole) he obtained the best ef- 
fect "with a steady regular motion. Hence he concludes 
about three feet to 1^ the best velocity for the circum- 
ference of overshot mills. See Art. 68. I undertook to 
compare this theory of bis with the best mills in practice, 
7 
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and finding that those of about 17 feet diameter gene- 
rally movra about 9 feet per second, being treble the Te- 
locity assigned b^ Smeaton, I began to doubt die theory, 
which led me to inquire into the principle that moves an 
overshot wheel ; and this I found to be that of a bodjr de- 
scending by its gravity, and subject to all the laws ot fall* 
ing bodies (Art 10,) or of bodies descending inclined 
planes, and curved surfaces (Art 11 ;) the motion being 
ecjuably accelerated in the whole of its descent, its velo- 
city being as the square root of the distance descended 
through ; and, that the diameter of the wheel was the 
distance through which the water descended. From 
thence 1 concluded, that the velocity of thccircumferenoe 
of overshot wheels was as the square root of their diame* 
ters, and of the distance the water has to descend, if it be 
a breast or a pitch-back wheel : then, taking Smeaton's 
experiments, with his wheel of two feet diameter, for a 
foundation, I say, As the square root of the diameter of 
Smeaton's wheel is to its maximum velocity, so is the 
square root of the diameter of any other wheel, to its 
maximum velocity. Upon these principles I have calcu- 
lated the following table, and, having compared it with 
at least 50 mills in practice, found it to agree so nearly 
with all those best constructed, that I have reason to be- 
lieve it is founded on true principles. 

If an overshot wheel move freely, without resistanoe* 
it will require a mean velocity between that of the xvater 




Om^Zi MCCBANJOB. 7J^ 

to give it velocity enough to enter the buckets. But this 
depends also much on the position of the buckets, and the 
direction of the shute into them. It however, appears 
evident that the head of water above the wheel, should be 
nicely adjusted to suit the velocity of the wheel. Here 
we may consider, that the head above the wheel acts 
by percussion, or on the same principles with the under- 
shot wheel ; and, as we have shown (Art. 40) that the 
undershot wheel should move with nearly 2-3ds of the 
velocity of the water, it appears, that we should allow a 
head over the wheel, that will give such velocity to the 
water, as will be to that of the wheel as 3 to- 2. Thus, 
the whole descent of the water of a mill-seat, should be 
nicely divided between head and fall, to suit each other, 
in order to obtain the best effect, and a steady-moving 
mill. First, find the velocity with which the wheel wiU 
move, by the weight of the water, for any diameter you 
may suppose you will take for the wheel, and divide said 
velocity into two parts ; then try if your head be such as 
will cause the water to come on with a velocity of 3 such 
parts, making due allowances for the friction of the water, 
according to the aperture, See Art. 55. Then, if the 
buckets and the direction of the shute be right, the wheel 
will receive the water well and move to the best ad- 
vantage, keeping a steady, regular motion when at work, 
loaded or charged with a resistance equal to 2-3ds of its 
.power. (Art. 41, 42.) 
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CHAPTER III. 



HYDRAULICS. 



PRELIMINARY REMARKS. 

The science which treats upon the mechanical proper- 
ties and effects of water and other fluids, has most com- 
monly been divided into two branches, Hydrostatics 
and Hydraulics. Hydrostatics treats of the weight, 
pressure and equilibrium of fluids, when in a state of 
rest. HydrauHes treats of water in motion, and the 
means of raising, conducting and using it for moving 
machinery, or for other purposes. These two divisions 
are so intimately connected with each other, that the 
latter could not be at all understood without an acquaint- 
ance with the former ; and it is not necessary, in a work, 
like the present, to treat of them separately. Considered 
abstractedly, the same laws obtain in the pressure and 
motion of water, as those which Ixslong to solid bodies ; 
and in the last chapter, on Mechanics, this similarity has 
led to some notice of the effects produced by water, which 
^tnctly jspeakiog, would l>elong to the present* In doing 
m nreferred to a strict adherence to 
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is not to be inferred from this circumstance, that such 
theoretical investigations are false and useless; they are 
still approximations, which serve as guides to a certain 
extent. Their defectiveness arises from our inability to 
form an estimate of the many disturbing causes which 
influence the motion of fluids ; whilst in the mechanics 
of solids we have, in many cases, no other correction to 
make in our theoretical deductions, than to allow for the 
effect of friction. 

" The only really useful method of treating a branch 
of knowledge so circumstanced, is to accompany a very 
concise account of such general principles as are least in- 
applicable to practice, by proportionately copious details 
of the most accurate experiments which have been insti- 
tuted, with a view to ascertain the actual circumstances 
of the various phenomena." {Lardner's Hydrostatics.) 
Such has been the course pursued, to a considerable ex- 
tent, by the author of this work, and in pursuing this sub- 
ject, under the present head of Hydraulics, we shall con- 
sider only such parts of the science as immediately relate 
to our purpose : namely, such as may lead to the better 
nnderstanoing of the principles and powers of water, act- 
ing on mill-wheels, and conveying water to them. 



ARTICLE 45. 
OF SPOUTING FLUIDS. 

Spouting fluids observe the following laws : — 

1. Their velocities and powers under equal pressures, 
or equal perpendicular heighte, and equal apertures, are 
equal in all cases. ^ 

2. Their velocities, under different •pressures or per- 
pendicular heights, are as the square rooto of those pres* 

• It Biak«f DO 6liknoot whelber the water tUndt perpaidieiilarij« or ioclioed 
■koivo Um oportore [see PUte IlL Bg, 99,] provided Ibe perpnidicokr Jiotf hi be the 
mm; or whether the i^iuntit/bffrMt or tmiU, provided it bewflkicDt to beep Um 
MM op to ifai we height* 
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gures, or heights, and their perpendicular heights or pros* 
tures are as the squares of their velocities.* 

3. Their quantities expended through equal apertureti 
in equal times, under unequal pressures, are as their ve- 
locities, simply.f 

4. Their pressures or heights being the same, their 
effects are as their quantities expended.} 

5. Their quantities expended being the same, their 
effects are as their pressure, or height of their head di- 
rectly.^ 

6. Their instant forces with equal apertures, are as the 
squares of their velocities, or as the height of their heads 
directly. 

7. Their effects are as their quantities, multiplied into 
the squares of their velocities. || See Art. 46. 

8. Therefore, their effects or powers with equal aper- 
tures are as the cubes of their velocities.^ 

* Tbts Uw is fiiniUr to the 4lh Uw of fallinir bodien, their YeloeitiM beiof m tht 
M^ire root of their spaces passed throa^ h ; and by ciperimeot it is known, that water 
will spoot from under a 4 feet head, with a feloeity of J6J3 feet per second, and Cnm 
under a 16 feet head, 33,4 feet per second, which is onlj dooble to that of a 4 ftsC 
head, althoagh there be a qnadraple pressure. Therefore, by this law, we eaa find 
the veloeitjr of water spouting from under any given head : for as the squsre rool of 
4 equal 2, is to 16,3. iu fekwity, so is the square root of 16 equal 4,.to S3,4 equaled, 
to 16, its hi'sd : by which ratio we can find the head that will produce any TelocHy. | 

t It is eridcnt, that a double velocity will vent a double quantity. 

I If the pressure be equal, the velocity roust be equal; and it is erident, that 
double quantitv, with equal velocity, will produce a double effect 

^ That is, if we suppose 16 cubic feti of wstcr to issue from under a 4 feet heed 
in a second, and an equal quantity to issue in the same time from under a 16 feet 
tK'Ad^ (bfn Ihrir c'ffecU will T>c li 1 (o Iti. Bui wc [nuftt nate", that t)i<i upcTitirB ta 
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9. Their velocity, under any head, is equal to the ve- 
locity that a heavy body would acquire in falling from 
the same height^ 

10. Their velocity is such, under any head or height, 
as will pass over a distance equal to twice the height of 
the head, in a horizontal direction, in the time that a 
heavy body falls the distance of the height of the head. 

11. Their action and reaction are equal, f 

12. They being non-elastic, communicate only half 
their real force by impulse, in striking obstacles ; but by 
their gravity produce effects, equal to elastic or solid 
bodies.} 



A SCALE 

Fomded on the 3d, 6th, and 7th laws, showing the efiecti of ttriking Fliiids with 
different Velocities. 
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• ne fiUliof bodj m teted on by tho whole force of Its «»wii grtfit/, io the 
whole of its deooent throQ|^ anj apeoe ; and the whole eam of tide aetioii thai ie 
Mqnired se h arrivee at the lowest point of its fall is c^val to the pPSMors of the 
whob head or perpeBdtenlar height abote the issue ; therefore their veloeities aie 
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t Thai is, a floid reacts bsch sfainst the penstock with the eame fbree that it la- 
SMO Sfainst the obstacle it strikes ; this is the principle by which llarker*^ mllli and 
an tlKM that are denoninated inprofeoienis thereon, move. 

t Whea BOiuelaetie bodies etrtks an obstacle, one-half of their fane Is spen 
Irteral difleetko, io chaagfaif their figiire, or in sDUshb| aboot. See Art 9. 

For want of doe ooosideratien or knowledge or tliis pmelplai bmot bate bei 
mron oouuaktud bv applytng water to aet 1^ impoleB, wheo il would ! 
o 4mMo eflbot b^ III grtiity. 
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ARTICLE 46. 
^DEMoirsnuTioN or the 7th law of ipouting fldidb. 

Let A F. (plate m. fig. 26,) represent a head of water 16 feet high, and 
aappoee it divided into 4 different heada of 4 feet each* at B C D B; then 
suppose we draw a gate of 1 foot square at each hc»ul successive!/, al- 
ways sinlcing the water in the head, so that it will be but 4 feet above the 
centre of the gate in each case. 

Now it is known that the velocity under a 4 feet head, is 16,2 feet per 
second; to avoid fractions say 16 feet, which will issue 16 cubic fee( of 
water per second, and for sake of round numbers ; let unity or 1 repra> 
sent the quantity of a cubic foot of water ; then, by the 7th law the effiMSt 
will be as the quantity multiplied by the square of the velocity ; that is, 16 
multiplied by 16 is equal to 256, which, multiplied by 16, the quantity is 
equal to 4096, the effect of each 4 feet head, and 4096 multiplied by 4 is 
equal to 16384, for the sum of effects of all the 4 feet heads. 

Then, as the velocity under a 16 feet head is 32,4 feet, to avoid frac- 
tions say 32, the gate must be drawn to only half the size, to vent the 16 
cubic feet of water per second as before (because the velocity is double ;) 
then to find the effect, 32 multiplied by 32 is equal to 1024 ; which multi- 
plied by 16, the quantity, gives the effect 16384, equal the sumof all the 
4 feet heads, which agrees with the practice and experience of the best 
teachers. But if their effects were as their vekx;ities simply, then the 
eScct of each 4 feet head would be, 16 multiplied by 16, equal to 256; 
which, multiplied by 4, is equal to 1024, for the sum of the effects of al 
the 4 feet heads; and 16 multiplied by 32 equal to 512, for the effect of 
the 16 feet head, which is only half of the efiect of the same head when 
divided into 4 parts ; whteh is contrary to both experiment and reason. 

Again, let us suppose the body A of quantity 16, to be perfectly elastic, 
to fail IQ feet and strike F, a perfectly rlastlc plane, it will (by lairs oT 
falling bocliefl) strike with a velocity of 32 feet per seconds and rise 1 G 
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IniNilae is at the fquares of the velocity produced, whidi is evident from 
this consideration : Suppose we (dace a light body at the gate B, of 4 feet 
head* and pressed with 4 feet of water ; when the gate is drawn it will fly 
off with the velocity of 16 feet per second ; and if we increase the head to 
16 feet it wfli fly off with 32 feet per second Then, as the square of 
16 equal to 256 is to the square of 32 equal to 1024, so is 4 to 16. 



ARTICLE 47. 

THE 7th law is in ACCORDANCE WITH PBACTICE. 

Let us compare this 7th law with the theory of undershot mills, esta- 
blished Art* 41, where it is shown that the power is to the efiect as 3 to 
1. By the 7th law, the quantity shown by the scale, Plate IL, to be 82,4 
multiplied by 1049,76 the square of the velocity, which is equal to 
8401,2124, the effect of the 16 leet head, then, for the effect of a 4 ieet 
head, with equal apertures, quantity by scale 16,2, multiplied by 262,44, 
the velocity squared, is equal to 425,1528, the effect of a 4 feet head ; here 
the ratio of the effect is as 8 to 1. 

Then, by the theory, which shows that an undershot wheel will raise 
l*3d of the water that turns it, to the whole height from which it de- 
scended, the i*dd of 32,4 the quantity, being equal to lOA multiplied by 
16, perpendicular ascent, which is equal to 172,8, effect of a 16 feet head ; 
and l'^ of 16,2 quantity, which is equal to 5,4 multiplied by 4, per- 
pendicular ascent, is equal to 21,6 effect of a 4 feet head, by the theory ; 
and here again the ratio of the effects is as 8 to 1 ; and, 
as 3401,2124, the effect of 16 fetrt head, > . ... . ^ 
is to 425,1825, the effect of a 4 feet head, J ^ '*" '*^' 
so is 172,8, the effect of 6 leet head, > . ,. th*/>«r 
• to 21.6, the effect of 4 feet head, J ^^ ^^^ i^^^orj. 
The quantities being equal, their effects are as the height of their heads 
directly, as by 5th law, and as the squares of their velocities, as by the 
7th law. Hence it appears, that the theory agrees with the established 
laws. 

Application of the Laws of Motion to Undershot Wheels. 

To give a short and comprehensive detail of the ideas 
I have collected from different authors, and from the re- 
sult of my own reasoning on the laws of motion and of 
spouting fluids, as they apply to move undershot mills, 
1 refer to fig. 44, Plate V. 

Let us suppose two lar^e wheels, one of 12 feet, and 
the other of 24 feet radius, the circumference pf the 



g4 ATDftAVLlC& tP^t, 

largest will then be double that of the smallest : and let 
A 16, and C 16, be two penstocks of water, of 16 ftet 
bead eaoh, then, — 

1. If we open a gate of 1 square foot at 4, to admit 
water from the penstock A 16, to impinge on the small 
wheel at I, the water being pressed by 4 feet head, will 
move 16 feet per second (we omit fractions.) The instant 
pressure or force on that gate, being four cubic feet of 
water, it will require a resistance of 4 cubic feet of water 
from the head C 16 to stop it, and hold it in equilibriOp 
(but we suppose the water cannot escape, unless the 
wheel moves, so that no force be lost by non-elasticity.) 
Here equal quantities of matter, with equal velocities, 
have their momentums equal. 

2. Again, suppose we open a gate of 1 square foot at 
A 16 under 16 feet head, it will strike the large wheel 
at k, with velocity 32, its instant force or pressure being 
16 cubic feet of water; it will require 16 cubic feet re- 
sistance, from the head C 16, to stop or balance it. In 
this case, the pressure, or instant force, is quadruple to 
the first, and so is the resistance, but the velocity only 
double. In these two cases the forces and resistances 
being equal quantities, with equal velocities, their mo- 
mentums are equal. 

3. Again, suppose the head C 16 to lie raised to E, 16 
feet above 4, and a gate drawn l-4th of a square foot, then 
the innlant pressure on the float I of IhesmaU wheel, will 

1 cubic tvet. nressin^y nn l-ltj 
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4-1-3= 16, the effect of the 4 feet head, with 16 cubic 
feet expended ; because the velocity of the water is 16, 
and the gate 1 foot. 

Again, suppose it to move by the 16 feet head and gate 
of l-4th of a foot ; then the velocity 32 -{- 2 multiplied by 
the load 4 -i- 2 = 32, the effect, with but 8 cubic feet ex- 
pended, because, the velocity of the water is 32, and the 
gate but l-4th of a foot 

In this case the instant forces are equal, each being 4; 
bat the one moving a body only l-4th as heavy as the 
other, moves with velocity 32, and produces effect 32, 
while the other, moving with velocity 16, produces effect 
16. A double velocity, with equal instant pressure, pro- 
duces a double effect, which seems to be according to the 
Newtonian theory. And in this sense the momentums 
of bodies in motion are as their quantities, multiplied into 
their simple velocities, and this is what 1 call the instant 
momentums. 

But when we consider, that in the above case it was 
the quantity of matter put in motion, or water expended, 
that produced the effect, we find that the quantity 16, 
with velocity 16, produced effect 16; while quantity S 
with velocity 32, produced effect 32. Here the effects 
are as their quantities, multiplied into the squares of their 
velocities, and this 1 call the effective momentvms. 

Again, if the quantity expended under each head had 
been equal, their effects would have heev 16 and 64, 
which is as the squares of their velocities, 16 and 32. 

4. Again, suppose both wheels to be on one shaft, and 
let a gate of l-8th of a square foot b^ drawn at 16 C, to 
strike the wheel at K, the head being 16 feet, the instant 
pressure on the gate will be 2 cubic feet of water, which 
18 half of the 4 feet head with 1 foot gate, from A 4 
striking at I ; but the 16 feet head, with instant pres- 
sore 2, acting on the great wheel, will balance 4 feet on 
the small one, because the 1^ ver is of double length, and 
the wheels will be in eqiiilibrio. Then, by Waring's 
theory, the greatest load of the 16 feet head being 2, its 
kMid at a maximum wiK be 1, aad the velocity of the war 
ler being 3% the mayflmum velocity of the wheel will be 
8 
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16. Now the velocity 16x1 = 16, the effect of the 
feet head ; and gate of l-8th of a foot, the greatest li 
of the 4 feet head being 4, its maximum load 2, the 
locitj of the water 16, and the velocity of the wheel 
now 8 X 2 s 16, the effect. Here the effects are eqi 
and here, ajg^ain, the effects are as the instant preasni 
multiplied into their simple velocities: and the resistan 
that would instantly stop them must be equal theretOi 
the same ratio. 

But when we consider, that in this case the 4 feet hi 
expended 16 cubic feet of water, with velocity 16, i 
produced effect 16; while the 16 feet head expeni 
only 4 cubic feet of water, with velocity 32, and proda< 
effect 16, we find that the effects are as their quantii 
multiplied into the squares of their velocities. 

And when we consider, that the gate of l-8th o 
square foot with velocity 32, produced effects equal 
the gate of 1 square foot, with velocity 16, it is evidc 
that if we make the gates equal, the effects will be a 
to 1 ; that is, the effects of spouting fluids, with eq 
apertures, are as the cubes of their velocities; becav 
their instant forces are as the squares of their velociti 
by 6t\i law, although the instant forces of solids are 
their velocities simply, and their effects as the squa 
of their velocities, a double velocity does not double ' 
quantity of a solid body to strike in the same time. 
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And, in this sense, fluids may be said to act with three 
times the force of solids. Solids act bj gravity only, but 
fluids by gravity and pressure jointly. Solids act with 
a force proporlional to their quantity of matter; but 
ftoids act with a pressure proportional to their altitude 
only. 

To explain the law, that the preasure of fluida ia aa their perpendienlir height!, 
let A B C D, Plate HI. fig. 22, be a veaael of water of a cobical form, with a amall 
tabe, ae H, fixed therein ; let a hole of the aame aize with the tube be made at o, and 
corered with a piece of pliant leather nailed thereon, ao aa to hold the water. Then 
ffll the reaael with water by the tube H, and it will presa upwarda againat the leather, 
and ralae it in a eonvex form, requiring just aa much weight to preia it down, aa 
«U1 be equal to the weight of the water in the tube H. Or if we aet a fflaaa tube 
over the bole at o, and poor water therein, we ahall find that the water in the tube o, 
ONwt be of the aame height of that in the tube H ; before the leather will aabeide, 
•voo if the tube o be much larger than H ; which ahowa, that the preaaore upwards 
ia ei^oal to the preaaure down war da ; becauae the water preeaed up against the leather 
with the whole weight of the water in tube H. Again, if we nil the Teaael bj tbo 
tube I. it will rise to the aame height in H that it ia in I; the preaaore being the 
aame in every part of the vessel as if it had been filled by H : and the preaaure on 
the bottom of the vessel will be the same, whether the tube H be of the whole aixe 
of the Teasel, or only one quarter of an inch diameter. For auppose H to be Mth of 
aa inch diameter, and the whoU top of the veasei of leather, aa at o, and we pour 
water down H, it will preas the leather up with such force, that it will require a 
ooloBUi of water of tho whole &ize of the veaael, and height of H, to cause the leather 
to aofeide. Q. E. D. 
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PRACTICAL RESULTS OF THIS EQUAL PRESSURE. 

And again, auppoae »e make two holes in the vessel, one close to the bottom, and 
Ibe other in the bottom, both of one aize, the water will isaoe with cqnal velocitj 
OMt 9£ ooefa ; this may be proved by holding equal veisela under eaeh, whieb will be 
filled in equal time; thia shows, that the preasure on the sides and bottom ia eqml 
wrier equal distanoea from the surface. And thia velocity will be the same wbeoier 
the tobe be filled by pipe I, or H, or by a tube the whole aixe of tbo foaadt, profidBd 
tbejperpendicular height be equal in all caaes. 

From what haa been aatd, it appeara, that it makes no difference in the poweft of 
fniku in mill-wbeek, whether it be brought on in an open fccobaj and perpendicvlnr 
imrtock, or down an inclining one, aa I C ; or under ground m a doae tmnk, ia 
iBj form that may best auit the aituation and circumatancee, pcovided that the tnmk 
kit MOeicntl J large to mipply the water faat enough to lutp t|M boad from ainbm 

This principle of the Hydrostatic Paradox haa aometimea operated in onde n fcot 
nriila, by pressing np againaC the bottom of the buckets, thereby destroyiQg or oowi* 
ictaetiBf, in great part, tho force of impaka. See Art. 99, 
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ARTICLE 60. 

The weight of a cubic foot of water is found by ex- 
perience, to be 1000 ounces avoirdupois, or 62,5 lbs. Oa 
the principles explained in Art. 48 and 49, is founded 
the following 

THEOREM. 

The area of the base or bottom, or any part of a vessel, 
of whatever form, multiplied by the greatest perpendi- 
cular height of any part of the fluid, above the centre 
of the base or bottom, whatever be its position with the 
horizon, produces the pressure on the bottom of said 
vessel. 

PROBLEM I. 

Given the length of the sides of the cubic vessel (fig. 
22, PI. III.) 6 feet, required the pressure on the bottom 
when full of water. 

Then 6 x 6 = 36 feet the area, multiplied by 6, the 
altitude, = 216, the quantity or cubic feet of water, press- 
ing on the bottom ; which multiplied by 62,5= 13500 lbs. 
the whole pressure on the bottom. 
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ARTICLE 51. 
RULE FOR FINDING TBE TELOCITY OF SPOUTING WATER* 

It has been found by experiment, that water will spout 
from under a 4 feet head, with a velocity equal to 16,2 
feet per second, and from under a 16 feet head, with a ve- 
locity equal to 32,4 feet per second. 

On these experiments, and the 2d law of spouting 
fluids, is founded the following theorem, or general rule, 
for finding the velocity of water under any given head. 

THEOREM. 

As the square root of a 4 feet head (= 2) is to 16,2 feet, 
the velocity of the water spouting under it, so is the 
square root of any other head, to the velocity of the wa* 
ter spouting under it. ^ 

PROBLEM I. 

Given, the head of water 16 feet, required the velo* 
city of water spouting under it. 

Then, as the square root of 4 (= 2) is to 16,2, so is the 
sqaare root of 16, (= 4) to 32,4, the velocity of the water 
under the 16 feet head. 

PROBLEM II. 

Given, a head of water of 11 feet, required the velo- 
city of water spouting under it. 

Then, as 2:16,2::3,316:26,73 feet per second, the ve- 
locity required. 



ARTICLE 62. 

EFFECT OF WATEB UNDER A GIVEBT HEAD. 

From the 1st and 2d laws of spouting fluids, (Art 45,) 
the theory for finding the maximunoi charge and veloci- 
ty of undershot virheels, (Art 41,) and from the princi* 

8* 
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pie of non-elasticity, the following theorem is deduced 
for finding the effect of any gate drawn under any given 
head upon an undershot water-wheel. 

THEOREM. 

> Find by the theorem (Art. 60,] the instantaneous pret- 
sure of the water, which is the load atequilibrio, and 2«3d8 
thereof is the maximum load, which, multiplied by ^77 
of the velocity of the water, under the given head, (found 
by the theorem. Art. 51,) produces the effect. 

PROBLEM. 

Given, the head 16 feet, gate 4 feet wide, ,25 of a 
foot drawn, required the effect of an undershot wheel, 
per second. The measure of the effect to be the quan- 
tity, multiplied into its distanof moved (velocity,) or into 
its perpendicular ascent. 

Then, by the theorem (Art. 50) 4 x ,25 = 1 square foot 
(the area of the gate) x 16 = 16 the cubic feet pressing ; 
but, for the sake of round numbers, we call each cubic 
foot 1, and although 32,4 cubic feet strike the wheel par 
second, yet, on account of non-elasticity, only 16 cubic 
feet is the load at equilibrio, and 2.6ths of 16 is 10,066, 
the maximum load. 

Then, by theorem (Art. 51) the velocity is 32,4 ,577 
of which is = ISJl, the maximum velocilv of the wheel 
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the velocitj of the wheel being to the velocity of the 
water a8 577 to 1000, may not this be the reason why 
the load is just 2-3d8 of the head, which brings the effect 
to be just ,38 (a little more than 1-3 of the power?) This 
I admit, because it agrees with experiment, although it 
be difficult to assign the true reason thereof. See Anno- 
tation, Art. 42. 

Therefore, ,577 the velocity of the water = 18,71, 
multiplied by 2-3ds of 16, the whole column, or instan- 
taneous pressure, pressing on the wheel — Art. 50 — 
which is 10,66 produces 199,4, the effect. This appears 
to be the true effect, and if so, the true theorem will be as 
follows; namely: 

THEOREM. 

Find by the theorem Art. 50, the instantaneous pres- 
sure of the water, and take 2-3ds for the maximum load ; 
multiply by ,577 of the velocity of the water — which is 
the velocity of the wheel — and the product will be the 
effect 

Then 16 cubic feet, the column, multiplied by 2-3d8 
as 10,66, the load, which multiplied by 18,71, the velo- 
city of the wheel, produces 199,4, for the effect; and if 
we try different heads and different apertures, we find 
the effects to bear the ratio to each other, that is agree- 
able to the laws of spouting fluids. 



ARTICLE 53. 

WATER APPLIED ON WHEELS TO ACT BY GRAVITY. 

When fluids are applied to act on wheels to produce ef« 
fects by their gravity, they act on very different princi- 
ples from the foregoing, producing double effects to what 
they do by percussion, and then their powers are directly 
as their quantity, or weight, multiplied into their perpen- 
dicular descent. 
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DEMONSTRATION. 

Let D. B. fig. 19. Plate III. be a lever, turniDg on its 
centre or fulcrum A. Let the long arm A B represent 
the perpendicular descent, 16 feet, the short arm A D a 
descent of 4 feet, and suppose water to issue from the 
the trunk F, at the rate of 50 lbs. in a second, fieilling into 
the buckets fastened to the lever at B. Now, from the 
principles of the lever, Art. 16, it is evident, that 50 lbs, 
m a second at D, will balance 200 lbs. in a second, at D, 
issuing from the trunk G, on the short arm; because 
60 X 16 = 800, and 4 x 200 = 800. Perhaps it may ap- 
pear plainer, if we suppose the perpendicular line or m- 
ameter F C, to represent the descent of 16 feet, and the di- 
ameter G I a descent of 4 feet. By the laws of the lever 
— Art. 16 — it is shown that to multiply 50 into its per- 
pendicular descent 10 feet or distance moved, is s 800 
multiplied into its perpendicular descent 4 feet, or die* 
tance moved ; that is, 50 x 16 = 200 x 4 = 800 ; thatiSi 
their power is as their quantity, multiplied into their per- 
pendicular descent ; or, in other words, a fall of 4 feet 
will require 4 times as much water, as a fall of 16 feet to 
produce equal power and effects. Q. £. D. 

Upon these principles is founded the following simple 
theorem, for measuring the power of an overshot mill, or 
of a quantity of water, acting upon any mill-wheel by its 
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PROBLEM I. 

Given, a mill-seat with 16 feet fell, width of the canal 
5,333 feet, depth 3 feet, velocity of the water passing 
along it 2,03 feet per second, required the power per 
second. 

Then, 5,333 x 3 = 15,999 feet, the area of the section 
of the stream, maltiplied by 2,03 feet, the velocity, is 
equal 32,4 cubic feet, the quantity per second, multi- 
plied by 62,5 is equal 2025 lbs. the weight of the water 
per second, multiplied by 16, the perpendicular descent, 
IS equal 32400, for the power of the seat per second. 

PROBLEM XL 

Given, the perpendicular descent 18,3 width of the 
gate 2,66 feet, height ,145 of a foot, velocity of the water 
per second issuing on the wheel, 15,76 feet required the 
power. 

Then, 2,66 x ,145 = ,3857;the area of the gate, x 15,76 
the velocity = 6,178 cubic^feet expended per second, 
X 62,5 = 375,8 lbs. per second, x 18,3 feet perpendicular 
descent = 6877 for the measure of the power per second ; 
which has ground 3,75 lbs. per minute, equal ,375 bush^ 
els in an hour, with a five feet pair of burr stones. 



ARTICLE 54. 

IKVESnCATION OF THE PRINCIPLES OF OVERSHOT MILLS. 

Some have asserted, and many believed, that water 
18 applied to great disadvantage on the principle of an 
overshot mill ; because, they say, there are never more 
than two buckets, at once, that can be said to act fairly 
on the end of the lever, (as the arms of the wheel are 
called in these arguments.) But we must examine well 
the laws of bodies descending inclined planes, and curved 
smfaces. See Art. 11. This matter will be cleared 
upi if we consider the circumference of the wheel to 
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be the curved surface: for the fkct is, that the water acts 
to the best advantage, and produces effects equal to what 
it would ; in case the whole of ittucted upon the very end 
oi the lever, in the whole of its perpendicular deaoent. 
The want of a knowledge of this fact has led to aiunj 
fatal errors in the application of water. 



DEMONSTRATION. 

Let ABC, Plate III. fig. 20, represent a water- 
wheel, and F H a trunk, bringing water to it from a 16 
feet head. Now, suppose F G and 16 H to be two pen- 
stocks under equal heads, down which the water de- 
scends, to act on the wheel at C, on the principle of 
an undershot, on opposite sidoe of the float C with 
equal apertures; it will be evident from the principles <rf 
hydrostatics, shown by the paradox, (Art. 48,) and the 
first law of spouting fluids. Art. 45,) that the impulse^ 
and pressure, will l^ equal from each penstock respeo* 
tively. Although the one be an inclined plane, and the 
other a perpendicular, their forces are equal, because 
their peri)endicular heights are so; (Art. 48,) therefore, 
the wheel will remain at rest, because each side of the 
float is pressed on by a column of water of equal size and 
height, as represented by the lines on each side of the 
float. Then, suppose we shut the penstock F G, and 
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the weight of the circular column, which rested on the 
undQr side of the circular penstocki is now on the 
gudgeons of the wheel. This shows that the effect of a 
stream, applied on au overshot wheel, is equal to the 
effect of the same stream, applied on the end of the lever, 
in its whole perpendicular descent, as in fig. 21, where 
the water is shot into the buckets fastened to a strap or 
chain, revolving over two wheels: and here the whole 
force of the gravity of the column acts on the very end 
of the lever, in the whole of the descent. Although the 
length of the column in action, in this case, is only 16 
feet, whereas, on a 16 feet wheel, the length of the column 
in action is 25,15, yet their powers are equal. 

Again, if we divide the half circle into three arches 
Ab, be, eC, the centre of gravity of the upper and lower 
arches will fall near the point a, 3,9 feet from the centre 
of motion, and the centre of gravity of the middle arch, 
near the point o, 7,6 feet from the centre of motion. 
Now, each of these arches is 8,3S feet, and 8,38 x 2 x 
3,9 = 65,36, and 8,38 x 7,6 feet = 63,07, which two pro- 
ducts added = 128,43 for the momentum of the circular 
column, by the laws of the lever, and for the perpendi- 
cular column 16 X 8 the radius of the wheel = 128, for 
the momentum ; by which it appears, that if we could 
determine the exact points on which the arches act, the 
momentums would be. equal: all which shows, that the 
power of water on overshot wheels, is equal to the whole 
power it can any way produce, through the whole of its 
perpendicular descent, except what may be lost to obtain 
velocity (Art. 41,) overcome friction, or by spilling a part 
of the water before it gets to the bottom of the wheel.— 
Q. E. D. 

I may add, that I have made the following experi- 
ment; namely: I fixed a truly circular wheel on nice 
pivots, to avoid friction, and took a cylindrical rod of 
thick wire, cutting one piece exactly tbe length of half 
the circumference of the wheel, and fastening it to one 
side, close to the rim of the wheel its whole length, as at 
6 X r a. I then took another piece of the same wire, of 
a length equal to the diameter of the wheel, and hung it 
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on the opposite side, on the end of the lever or arm, as at 
B» and the wheel was in equilibrio. Q. £. J). 
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OF THE FRICTION OF THE APERTURES OF SP0UTI56 FLUIDS. 

The doctrine of this species of friction appears to be 
as follows: — 

1. The ratio of the friction of round apertures, is as 
their diameters, nearly; while the quantity expended, is 
as the squares of their diameters. 

2. The friction of an aperture of any re^lar or irre- 
gular figure, is as the length of the sum of the circum- 
scribing lines, nearly ; the quantities being as the areas 
of the aperture.* Therefore, 

3. The less the head or pressure, and the larger the 
aperture, the less the ratio of the friction; therefore, 

4. This friction need not be much regarded, in the 
large openings or apertures of undershot mills, where the 
gates are from 2 to 15 inches in their shortest sides ; but it 
very sensibly affects the small apertures of high ovenibot 
or undershot mills, with great heads, where their short- 
est sides are from five-tenths of an inch to two inches.! 

* Thh will pUinljr Appear, if irc consider that iIm frietitm doei Hsniiblf ttt^d Um 
TfiltjCtty ofthe flgid la a cprltJn <tiiUrice ; tif hilf mn. Im^h ff»ro the tick &t wdfw ^ 
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ARTICLE 56. 
OF THE PRESSURE OF THE AIR ON FLUIDS. 

Under certain circumstances, the rise of water is caused 
bj the pressure of the air on the surface of its reservoir, 
or source ; and this pressure is equal to that of a head of 
water of about 33| feet perpendicular height ; under 
which pressure or height oi head, the velocity of spouting 
water is 46,73 feet per second. 

If, therefore, we could by any means take off the pres- 
sure of the atmosphere, from any one part of the surface 
of a fluid, that part would spout up with a velocity of 
46,73 feet per second, and rise to the height of 33| feet 
nearly. 

All syphons, or cranes, and all pumps for raising wa- 
ter by suction, as it is called, act on this principle. — Let 
fig. 23, PL III. represent a cask of water, with a syphon 
therein, to extend 33 1 feet above the surface of the wa- 
ter in the -cask. Now, if the bung be made perfectly 
air-tight round the syphon, so that no air can get into 
the cask, and the cask be full, and if all the air be then 
drawn out of the syphon, the fluid will not rise in the 
syphon, because the air cannot get to it to press it up; 
but take out the plug P, and let the air into the cask, to 
press on the surface of the water, and it will spout up the 
short leg of the syphon B A, with the same force and 
velocity, as if it haa been pressed with a head of water 
33| feet high, and will run into the long leg and fill 
it If we then turn the cock c, and let the water run 
oat, its weight in the long leg will overbalance the 
weight in the short one, drawing the water out of the 
cask until it sinks so low, that the leg B A will be 33^ 
feet high, above the surface of the water in the cask; it 
will then stop, because the weight of water in the legs, 
in which it rises, will be equal to the weight of a column 
of the air of equal size, and of the whole height of the 
atmosphere. The water will not run out of the leg A 
C, bot will stand 33| feet above its mouth, because the 
air will press up the mouth C, with a force that will 
9 
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balance 33| feet of water in the leg C A. This will be 
the case let the upper part of the leg be of any size what- 
ever — and there will be a vacuum at the upper end of the 
syphon. 

It must not, however, be supposed that if the mouth C 
be left open, after the water has ceased running, that the 
portion of it which is in the leg A C, will remain there, 
as air will be gradually admitted, and will press upon the 
upper end of the column A B, which will then oeaoend 
in both legs. 



ARTICLE 57. 



OF PUMPS. 



Let fig. 24, PL III. represent a pump of the comoKm 
kind used for drawing water out of wells. The moveaUe 
valve or bucket A, is ca.sed with leather, which springs 
outwards, and fits the tube so nicely, that neither air nor 
water can pass freely by it. When the lever L is worked, 
the valve A opens as it descends, letting the air or water 
pass through it. As it ascends again the valve shuts, the 
water which is above the bucket A is raised, and there 
would be a vacuum between the valves, but the weight 
of ihe air nre^i^es on the surface of the water in the wet! 
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A TABLE FOR PUMPMAKERS. 





Diameter of 


Water diacharged 


Height of the 


the bore. 


in a minute, in 


pomp, in feet. 


100 
ofao 

inc 


wioemeasore. 


above the sur^ 


ci ^d 


fiuseofthewelL 


partt 
linch 

het. 


§ B' 




F f 


10 


6 93 


81 6 


15 


5 66 


54 4 


20 


4 90 


40 7 


25 


4 38 


32 6 


30 


4 00 


27 2 


35 


3 70 


23 3 


40 


3 46 


20 3 


45 


3 27 


18 1 


50 


3 10 


16 3 


55 


2 -95 


14 7 


60 


2 84 


13 5 


65 


2 72 


12 5 


70 


2 62 


11 4 


75 


2 53 


10 7 


80 


2 45 


10 3 


85 


2 38 


9 5 


90 


2 31 


9 1 


95 


2 25 


8 5 


100 


2 18 


8 1 



The praeediog table ia extracted from Fergiiaon*f Lectorea, and it« imo is poinfed 
ool bj bim in the aubjoined quotation : before giving which, however, it will be 
|Woper to remark, that it ii a common practice to make the bore in the lower part of 
the pomp-tree amaller than the chamber, onder the erroneooa suppoaition that there 
win be a^leaa weight of water to lid in thia than in a larger bore. The cooaeqaenoe 
ofthiB ia^tbat the water haa to ro»h with greater velocity in order to fill the capacity 
oftbe chamber, bj which much friction ia caoaed, and much power waated. 

** An pompa ahoald be ao conatructed aa to work with eqoal eaae in raiaing the 
mter to anj given height above the aurfaoe of the well : and thia may be done bj 
•bMrviog a doe proportion between the diameter of that part of the pomp-bore ia 
wbich toe piaton or bucket worki, and the height to which the water moat be raiaed. 

** For tbia porpoee I have calculated the above table ; in which the handle of the 
fmmp is avpposed to be a lever, increasing the power five timea : that is, the distance 
or length of that part of the htndle that liea between the pin on which it movea, and 
the top of the pump.rod to which it ia filed, to be only one-fifth part of the length of 
the baodle, from the aaid pin to the part where the man who worka the pomp applies 
ins feree or power. 

'^ia Che first column of the table, find the height at which the pomp must dia- 
cImm the water above the aurfiioe of the well ; then in tho second oohimil yoo have 
the msmfler of that part of the bore in which the piaton or bucket worka, in inches 
aai b — Jr s d tb parts of an inch ; in the third column is the qoaotitj of water (in wine 
MRsare) thst a man of commoa strsagtb eaa raise ia « aiinQte.^And hr oenstroet. 
iaf aeeording to this method, pumps of all heights may be wroagfat lor a mm of 
araiatfj sumigth sa as to be able to bold out lor aa boni'.** 
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ARTICLE 58. 
OF CONVEYING WATER UNDER VALLEYS AND OVER HILLS. 

Water, by its own pressure, and the pressure of the at- 
mosphere, may be conveyed under valleys and over hills, 
to supply a family, a mill, or a town. In fig. 20, PL III. 
F H IS a canal for conveying water to a mill-wheel : now 
let US suppose F G 16 H to be a tight tube or trunk, — 
the water being let in at F, it will descend from F to G, 
and its pressure at F will cause it to rise to H, which 
shows how it may be conveyed under a valley; and it 
may be conveyed over a hill by a tube, acting on the 
principle of the syphon. (Art. 56.) But some who have 
had occasion to convey water, under any obstacle, for the 
convenience of a mill, have gone into the following ex- 
pensive error; they have made the tube at G 16, smaller 
than they would it it had been on a level ; because, say 
they, a greater quantity will pass through a tube, pressed 
by the head G F, than on a level : but, it should be con- 
sidered that the head G F, is balanced by the head H 16, 
and the velocity through the tube G 16, will be such 
only, as a head equal to the difference between the per- 
pendicular height of G F, and H 16, would give it (see 
Art. 41, fig. 19 ;) therefore, it should be as large at G 16, 
as if on a level. 
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posing through a giTen apertnre, along a ahnte, to strike! 
a wheel ; but as it strikes the float, it has liberty to escape 
in every lateral direction. 

3. By a perfectly definite quantity we mean a qoan- 
titjjT passing along a close tube, so confined that when it 
strikes the float, it has not liberty to escape in any lateral 
direction. 

First, When a float of a wheel is struck by an indefi- 
nite quantity, the float is struck by a colunfn of water the 
section of which is equal to the area of the float; and as 
this column is confined on every side by the surrounding 
J^rater which has equal motion, it cannot escape sideways 
without some resistance ; more of its force, therefore, is 
communicated to the float, than would be, if it had free 
liberty to escape in every direction. 

Secondly, The float being struck by a definite quan- 
tity with liberty lo escape freely in every lateral direction, 
it acts as the most perfectly non-elastic body ; therefote 
(by Art. 9) it communicates only a part of its force, the 
other part being spent in the lateral direction. Hence it 
appears, that in the application of water to act by impulse, 
we should draw the gate as near as possible, to the float- 
board, and confine it, as much as possible from escaping 
sideways as it strikes the float ; but taking care, at the 
same time, that we do not bring the principle of the 
Hydrostatic Paradox into action. (Art. 48.) 

What proportion of the force of the water is spent in a 
lateral direction is not determitied. 

4. A perfectly definite quantity striking a plane, com- 
municates its whole force, because no part can escape 
sideways ; and is equal in power to an elastic body, or to 
the weight of the water on an overshot wheel, in its 
whole perpendicular descent. But this application of 
water to wheels in this way, has hitherto proved imprac- 
ticable, for whenever we attempt to confine the water, 
totally from escaping sideways, we bring the principle 
of the hydrostatic paradox into action, which defeats the 
wheme. 

To make this plain, let fig. 26, Plate UI. be a water- 
wheel, and, first, let us suppose the water to be brought 

9* 
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to it, the penstock 41,6, to act by impulse on the float 
board, having liberty to escape every way as it strikes ; 
then, by Art. 9, it M^ill communicate but half its force. 
«But if it be confined both at the sides and bottom, and 
can escape only upwards, to which the gravity will make 
some opposition, it will communicate more than half its 
force, and will not react back against the float C ; but if 
we put scaling to the wheel, to prevent the water from 
escaping upwards, then the space between the floats will 
be filled as soon as the wheel begins to be retarded, and 
the paradoxical principle, Art. 4S, is brought fully into 
action; namely: the pressure of water is every way equal ir 
and it will press backwards against the bottom of the 
float C, with a force equal to its pressure on the top of the 
float b, and the wheel will immediately stop, and be held 
in equilibrio, and will not start again although all resist- 
ance be removed. There are many mills, where this 
principle is, in part, brought into action, which very much 
lessens their power. 



ARTICLE 60. 



OF THE BIOTION OF BREAST AND PrTCH-BACK WHEELS. 

Many have been 
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velocity, as that the gravity of the water acting thereon 
can be thereby lessened.^ 

Hence, it appears, that when a greater head is used than 
that which is necessary to shoot the water fairly into the 
wheel, the impulse should be directed a little downward, 
fts at JD, (which is called pitch-back,} and it should have 
a circular sheeting, to prevent the water from leaving the 
wheel ; because if it be shot horizontally on the top of the 
wheel; the impulse in that case will not give the water 
my greater velocity downwards, and, in this case, the 
bit would be lost, if the head were very great : and if the 
wheel moved to suit the velocity of the impulse, the wa- 
ter would be thrown out of the buckets, by the centrifu-' 
gal force ; and if we attempt to retard the wheel, so as to 
retain the water, the mill would be so ticklish and un- 
steady, that it would be almost impossible to attend it. 

Hence may appear the reason why breast-wheels gene- 
rally run quicker than overSliots, although the fall, after 
the water strikes, be not so great. * 

1. There is generally more head allowed to breast- 
wheels than to overshots ; and the wheel will incline to 
move with nearly 2-3ds the velocity of the water spout- 
ing from under the head. (Art. 41.) 

2. If the water were permitted to fall freely after it 
issues from the gate, it would be accelerated by the fall, 
•o that its velocity at the last point, would be equal to its 
velocity had it spouted from under a head equal to its 
whole perpendicular descent. This accelerated velocity 
of the water tends to accelerate the wheel ; hence, to find 
the velocity of a breast-wheel, where the water strikes it 
in the direction of a tangent, as in fig. 31, 32, 1 deduce 
the following 

* If frrmvitj coald be either decreased bj velocity downwards, or increased by ve- 
lodtj apwtrds, then a vertical wheel without friotion, either of gudgeonw or air, 
WoM require a great force to continue its motion; because its velocity would de- 
trmm the gravity of its descending and increase that of its ascending side, which 
would immediately stop it; whereas, it is iinown that it required no power to con. 
Udm iU motion, but that which is necessary to overcome the friction of the gud- 
gtonty&c. 
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THEOREM. 

1. Find the difTerence of the velocity of the water 
under the head allowed to the wheel, above the point of 
impact, and the velocity of a body, having fallen the 
whole perpendicular descent of the water. Call tbia dif- 
ference the acceleration by the fall : Then say, As the 
velocity a body would acquire in falling through the di- 
ameter of an overshot wheel, is to the proper velocity of 
that wheel by the scale, (Art. 43,} so is the acceTeration 
by the fall of the water before it strikes the wheel, to thtf 
acceleration of the wheel by its fall, after it strikes. 

2. Find the velocity of the water issuing on the 
wheel ; take ,577 of said velocity, to which add the ac- 
celerated velocity, and that sum will be the velocity of 
the breast- wheel. 

This rule will hold near] j^ true, when the head is con- 
siderably greater than is a^^igned by the scale (Art 43;) 
but as the head approaches that assigned by the scale, 
this rule will give the motion too quick. 

EXAMPLE. 

Given, a high breast- wheel fig. 25, where the water is 
shot on at D, the point of impact — 6 feet head, and 10 
feet fall — required the motion of the circumference of 
I he wlieel, working to the best advantage, or maximum 
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ARTICLE 61. 
RULE FOR CALCULATING THE POWER OF ANY MILL-SEAT. 

The only loss of power sustained by using too much 
head, in the application of water to turn a mill-wheel is 
from the head producing only half its power. Therefore, 
in calculating the power of 16 cubic feet per second, on 
the different applications of fig. 25, PL III. we must add ^ 
^alf the head to the whole fall, and count that sum the ' 
virtual perpendicular descent. Then, by the theorem in 
Art. 63, multiply the weight of the water per second by 
its perpendicular descent, and you have the true mea- 
sure of its power. 

But to simplify the rule, let us call each cubic foot 1, 
and the rule will then be — Multiply the cubic feet ex- 
pended per second, by its virtual perpendicular descent 
in feet, and the product will be a true measure of the 
power per second. This measure must have a name, 
which I call Cuboch ; that is, one cubic foot of water, 
multiplied by one foot descent, is one cuboch, or the unit 
of power. 

EXAMPLES. 

1. Given, 16 cubic feet of water per second to be ap- 
plied by percussion alone, under 16 feet head, required 
the power per second. 

Then, half 16 = 8 x 16 = 128 cubochs, for the mea- 
sure of the power per second. 

2. Given, 16 cubic feet per second, to be applied to a 
half breast of 4 feet fall and 12 feet head, required the 
power. 

Then, half 12 = 6 x 4 = 10 x 16 = 160 cubochs, for 
the power. 

3. Given, 16 cubic feet per second, to be applied to a 
pitch-back or high breast — fall 10, head 6 feet, required 
the power. 
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Then, half 6 = 3 x 10 = 13 x 16 = 208 cubochs, for 
the power per second. 

4. Given, 16 cubic feet of water per second, to be ap- 
plied as an overshot — head 4, fall 12 feet, required the 
power. 

Then, half 4 = 2 x 12 = 14 x 16 = 224 cubochfl, for 
the power. 

The powers of equal quantities of water amoantiDg to 
16 cubic feet per second, the total perpendicular descents 
being equal, stand thus by the different modes of appli- 
cation: 

( 16 feet head,* * 

jOfall, 

( 128 cubochs of power. 

512 feet head, 
4 feet fall, 
160 cubochs of power. 
C 6 feet head, 
] 10 feet fall, 
208 cubochs of power. 
4 feet head, 
12 feet fall, 

224 cubochs of power. 
2,5 feet head, 
1 31,5 feet fall, 
263 cubochs of power. 
The last being the head necessary to shoot the water 
fairly into the buckets, may be said to be the beat appli- 



The undershot, 



The half breast. 



The high breast, 



The overshot, 



Ditto, 
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lated the following table, or scale, of the different qaan- 
titles of water expended per second, with different per- 
pendicular descents, to produce a certain power; in order 
to present, at one view, the ratio of increase or decrease 
of quantity, as the perpendicular descent increases or 
decreases. 



A TABLE 



ShofviBf Um qoMitity of wat«r reqnired, with different ftHe, to 
Ipmvil^, lis cubochs of power, wbicfa will drive a five feet stoDO 
tione in a minate, grinding about five hoeheb of wheat in an hoar. 
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ARTICLE 62. 
THEORY AND PRACTICE COMPARED. 

I will here give a table of 18 mills in actual practice, 
OQt of about 50 of which I have taken an account, ia 
order to compare theory with practice, and in order to 
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aacertain the power required on each superficial foot of 
the acting parts of the stone : But I must premise the 
following 

THEOREMS. 

1. To find the circumference of any circle, as of a mill- 
stone, by the diameter, or the diameter by the circumfe- 
rence ; say, 

As 7 is to 22, so is the diameter of the stone to the cir- 
cumference ; that is, multiply the diameter by 22, and di- 
vide the product by 7, for the circumference ; or multi-. 
ply the circumference by 7, and divide the product by 
22, for the diameter. 

2. To find the area of a circle, by the diameter : As 
1, squared, is to, ,7854, so is the square of the diameter 
to the area; that is, multiply the square of the diameter 
by ,7854, and, in a mill-stone, deduct one foot for the eye, 
and you have the area of the stone. 

' 3. To find the quantity of surface passed by a mill- 
stone: The area, squared, multiplied by the revolutions 
of the stone, gives the number of superficial feet, passed 
in a given time. 



OBSERVATIONS ON THE FOLLOWING TABLE OF EXPERIMENTSw 

I have asserted, in Art. 44, that the head above the 
ile of a wheel, on which the water acts by it^ 




3. Overshot. Velocity of the water 12,16 fiset per 
secondyVelocityof the wheel 10,2; throws oat great part 
of the water by the back of the buckets, which strikes it 
and makes a thumping noise. It is allowed to run too 
fest; revolves faster than my theory directs. It is at 
Brandywine, in Delaware state. 

4. OvershoV Velocity of the water 14,4 feet per se- 
cond, velocity of the wheel 9,3 feet, a little less than 2-3ds 
of the velocity of the water. It receives the water very 
well ; has a little more head than assigned by theory, and 
mns a little faster ; it is a very good mill situated at 
Brandy wine, in the state of Delaware. 

6. Undershot. Velocity of the wheel, loaded, 16, 
and when empty 24 revolutions per minute, which con- 
firms the theory of motion for undershot wheels. See 
Art 42. 

7. Overshot. Velocity of the water 15,79 feet, velocity 
of the wheel 7,8 feet ; less than 2-3ds of the velocity of 
the water : motion slower and head more than assigned 
by theory. The miller said the wheel ran too slowly, 
that he would have it altered : and that it worked best 
when the head was considerably sunk. This mill is at 
Bush, Hartford county, Maryland. 

8. Overshot. Velocity of the water 14,96 feet per se- 
cond, velocity of the wheel 8,8 feet, less than 2-3d8, very 
near the velocity assigned by the theory; but the head is 
greater, and the wheel runs best when the head is sunk 
a little ; is counted the best mill, and is at the same place 
with the last mentioned. 

9. 10, 11, 12. Undershot open wheels. Velocity of 
the wheelswhen loaded 20 and 40, and when empty 28 
and 56 revolutions per minute, which is faster than my 
theory for the motion of undershot mills. EUicot's 
mills, near Baltimore, in Maryland, serve to confirm the 
theory. 

14. Overshot. Velocity of the water 16,2 feet, velo- 
city of the wheel 9,1 feet, less than 2-3ds of the water, 
revolutions of the stone 144 per minute, the head nearly 
the same as by theory, the velocity of the wheel less, 
stone more. This shows the mill to be geared too high 
10 
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The wheel receives the water well, and the mill is 
counted a very good one, aitnated at Alexandriai in Vir- 
giniftk 

15. Undershot Velocity of the water, 24,3 per second, 
Telocity of the wheel 16,67 feet, more than 2-3d8 the 
velocity of the water. Three of these mills are in one 
house, at Richmond, Virginia — they confirm the theory 
of undershots, being very good mills. 

16. Undershot Velocity of the water 26,63 feet per 
second, velocity of the wheel 19,05 feet, being more than 
2-3ds. Three of these mills are in one house, at Peter«? 
burg, in Virginia — they are very good mills, and confirm 
the theory. See Art 43. 

18. Overshot wheel. Velocity of the water 11,4 feet 
per second, velocity of the wheel 10,96 feet, nearly as 
fast as the water. The backs of ihe buckets strike the 
water and drive a great part over ; and as the motion of 
the stone is about right, and the motion of the wheel faster 
than assigned by the theory, it shows the mill to be too 
low geared, all which confirm the theory. See Art. 43. 

In the following table I have counted the diameter of 
the mean circle to be 2-3ds of the diameter of the great 
circle of the stone, which is not strictly true. The mean 
circle, to contain half the area of any given circle, most 
be ,707 parts of the diameter of the said circle, differing 
but little from ,7, and somewhat exceeding 2-3ds. 

Hence the following theorem, for finding the mean 
circle of any stone. 
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ARTICLE 63. 
FURTHER OBSERVATIONS ON THE FOLLOWING TABLE. 

1. The mean power used to turn the 5 feet stones in 
the experiments (No. 1, 7, 14, 17,) is 87,5 cubochs of the 
measure established, Art. 61, and the mean velocity is 
104 revolutions of the stones in a minute, the velocity of 
the mean circle being 18,37 feet per second, and their 
mean quantity ground is 3,8 lbs. per minute, which is 
3,8 bushels per hour, and the mean power used to each 
foot of the area of the stone is 4,69 of the measure afore- 
said, effected by 36582 superficial feet passing each other 
in a minute. Hence we may conclude, 

1. That 87,5 cubochs of power per secpnd will turn a 
5 feet stone, 104 revolutions in a minute, and grind 3,8 
bushels in an hour. 

2. That 4,69 cubochs of power are required to every 
superficial foot of a mill-stone, when its mean circle moves 
with a velocity of 18,37 feet per second. Or, 

3. That for every 36582 feet of the face of stones that 
pass each other we may expect 3,8 lbs. will be ground, 
when the stones, grain, &c., are in the same state and 
condition as they were in the above experiments. 
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k TABLE OF EXPERIMENTS ON EIGHTEEN MILLS IN PRACTICE. 
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Observations continued from page 111. 

As we cannot attain to a mathematical exactness in 
those cases, and as it is evident that all the stones in the 
foregoing experiments have been working with too little 
power, l^canse it is known that a pair of good burr stones 
of 5 feet diameter will grind, sufficiently well, about 125 
bushels in 24 hours— that is, 5,2 bushels in an hour, which 
would require 6,4 of power per second — we may, for the 
sake of simplicity, say 6 cubochs, when 5 feet stones 
^nd 5 bushels per hour. Hence we deduce the follow- 
ing simple theorem for determining the size of the stones 
to suit the power of any given seat, or the power required 
to any size of a stone. 

THEOREM. 

Find the power by the theorem, in Art. 61 ; then di- 
vide the power by 6, which is the power required, by 1 
foot, and it will give you the area of the stone that the 
power will drive, to which add 1 foot for the eye, and di- 
vide by ,7854, and the quotient will be the square of the 
liameter : or, if the power be great, divide by the pro- 
tact of the area of any sized stones you choose, multi- 
plied by six, and the quotient will be the number of stones 
ie power will drive : or, if the size of the stone be given, 
mltiply the area by 6 cubochs, and the product is the 
iwer required to drive it. 

EXAMPLE. 

I. Given, 9 cubic feet per second, 12 feet perpendicu- 
virtual, or effective descent, required the diameter of 
stone suitable thereto. 

'hen, by Art. 61, 9 x 12 = 108, the power, and 108-*- 
18, the area, and 18 x 1 -*- ,7854 = 24,2 the root of 
5h is 4,9 feet the diameter of the stone required, r 
The velocities of the mean circles of the stones in 
table, are some below and some above 18 feet per 
d, the mean of them all being nearly 18 feet; there- 
l conclude that 18 feet per second is a good velocity 
leral, for the mean circle of any sized stone. 
10* 
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Of the different quantity of Surfaces that are passed by 
Mill'Stones of different diameters with different velon- 
ties. 

Supposing the quantity ground by mill-stones, and the 

5)0wer required to turn them, to be as the passing sur- 
aces of their faces, each superficial foot that passes over 
another foot requires a certain power to grind a certain 
quantity : to explain this, let us premise, 

1. The circumferences and diameters of circles are 
directly proportional. That is, a double diameter gives 
a double circumference. 

2. The areas of circles are as the squares of their dia- 
meters. That is, a double diameter gives 4 times the 
area. 

3. The square of the diameter of a circle, multiplied 
by ,7854, gives its area. 

4. The square of the area of a mill-stone multiplied 
by its number of revolutions, gives the surface passed. 
Consequently, 

5. In stones of unequal diameters revolving in equal 
times, their passing surfaces, quantity ground, and power 
required to drive them, will be as the squares of their 
areas, or as the biquadrate of their diameters. That is, a 
double diameter will pass 16 times the surface.^ 

6. If the velocity of their mean circles or circumfe- 
rences be equal, their passing surfaces, quantity ground, 
and power required to move them, will be tis the cuW^ 




Chap. 3.] HYDRAULIC& 1 15 

the squares of their areas, multiplied by their revolu- 
tions. 

8. If their diameters be equal, the quantity of surfaces 
passed, ,&c., are as their velocities or revolutions simply. 

But we have been supposing theory and practice to 
agree strictly, which they will by no means do in this 
case. To the quantity ground and the proportion of 
power used by large stones more than by small ones, the 
ratio assigned by the theory will not apply ; because the 
meal having to pass a greater distance through the stone, 
is operated upon oftener, which operation most be lighter, 
else it will be overdone ; large stones may, therefore, be 
made to grind equal quantities with small ones, and with 
equal power, and to do it with less pressure ; therefore, 
the flour will be better.* See Art. 111. 

From these considerations added to experiments, I con- 
clude, that the power required and quantity ground, will 
be nearly as the area of the stones, multiplied ijito the ve- 
locity 01 the mean circles, or, which is nearly the same, as 
the squares of their diameters. But if the velocities of 
their mean circles or circumferences be equal, then it will 
be as their areas simply. 

On these principles I have calculated the following 
table, showing the power required, and quantity ground, 
both by theory, and, what I suppose to be, the most cor- 
rect practice. 

* A French author (M. Fabre) says that he has found by experiments, that to pro- 
dooe the best 0our, a stone 5 feet diameter should revolve between 48 and 61 times 
in a minote. This is much slower than tiie practice in America, but we may cod> 
dode that it is best .to err on the side of a slower than of a faster motion than that 
of commoQ practice; especially when the power is too small for the size of the stone. 
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A TABLE 
OF THE AREA OF MILL-STONES, 



DIFFERENT DIAMETEBS, 

And of the power required to move them with a mean velocitj of 18 iWt par 
■ecood, &c. 
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I have now laid down, in Art. 61, 62, and 63, a theory 
for measuring the power of any mill-seat, and for ascer- 
taining the quantity of that power that mill-stones of dif- 
ferent diameters will require, by which we can find the 
diameter of the stones to suit the power of the seat; and 
have fixed on six cubochs of that power per second to 
every superficial foot of the mill-stone, as requisite to 
move the mean circle of the stone 18 feet per second, 
when in the act of grinding with moderate and sufficient 
feed ; and have allowed the passing of 34804 feet per mi- 
nute to grind 5 lbs. in the same time, which is the effect 
of the five feet stone in the table, by which, if right, we 
can calculate the quantity that a stone of any other size 
will grind with any given velocity. 

I have chosen a velocity of 18 feet per second for the 
mean circle of all stones, which is slower than the com- 
mon practice; but not too slow for making good flour. 
See Art. 111. Here will appear the advantage of large 
stones over small ones ; for if we will make small stones 
grind as fast as large ones, we must give them such velo- 
city as to beat the meal. ' 

Bat I must here inform the reader, that the experi- 
ments from which I have deduced the quantity of power 
to each superficial foot to be six cubochs, have not been 
sufficiently exact to be relied on ; but it will be easy for 
every intelligent mill-wright to make accurate experi- 
ments to satisfy himself as to this point.^ 

* After baviDf pabliibed the fint editioii ofthii work, I have been inrormed^that, 
bj mccormte ezperimeiite made at the expense of the British gofemment, it was as* 
Okftaincd that the power produced by 40,(M)0 cobic feet of water descending 1 fbot, 
will gnm4 and boll one bushel of wheat If this be true, then to find the qaantity 
that any stream will grind per hour, multiply the cubic feet of water that it afforcui 
prr hour, by the virtual descent, (that is, half of the head above the wheel, added to 
the fiJI after it enters an overshot wheel,) and divide that product bv 40,000, and the 
^ooCieot will be the answer in bushels per hour that the stream will grind. 

EXAMPLE. 

Suppose a stream afford 32,000 cubic feet of water per hour, and the total &I1 
I9J28 leet; then, by the UUe for overshot-mills. Art. 73, the wheel should be 16 feet 
diameter, bead above the wheel 3,38 feet Then half 3,98 s 1,64, which added to 
16 » 17,64 ieet virtual descent, and 17,64 x 33000 » 563480, which divided by 
40,000, gives 14,08 bushels per hoar the stream will grind. 



118 HYDRAVLICa tOhM^S- 

ARTICLE 64. 
OF CANAL FOR CONVEYINQ WATER TO MILLS. 

In digging canals, we must consider that water will 
come to a level on its surface, whatever may be the form 
of the bottom. If we have once determined on the area 
of the section of the canal necessary to convey asaffioient . 
quantity of water to the mill, we need only to keep to 
tnat area in the whole distance, without paying much re* 
ffard to the depth or width, if there be rocks in the way. 
Much expense may be oftentimes saved, by making the 
canal deep where it cannot easily be made wide enoagb» 
and wide where it cannot easily be made sufficiently 
deep. Thus, suppose we had determined it to be 4 ieet 
deep, and 6 feet wide, then the area of its section will be 
24. — Let fig. 36, Plate IV. represent a canal, the line A 
B the level or surface of the water, C D the side, E F 
the bottom, A C the width, 6 feet, A E the depth, 4 feet. 
Then if there be rocks at G, so that we cannot withoat 
great expense, obtain more than 3 feet width, but can go 
8 feet deep at a small expense : then 8 x 3 = 24, the tec- 
tion required. Again, suppose a flat rock to be at H, ao 
that we cannot, without great expense, obtain more than 
3 feet depth, but can with small expense, obtain 12 feet 
width : tnen 2 x 12 = 24, the section required ; and the 
water will ccime on equally well even if it ware not more 
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ARTICLE 65. 
OF THE SIZE AND FALL OF CANALS. 

As to the size and fall necessary to conv^ any qoan* 
tity of water required to a mill, I do not find any rule 
laid down for either. But in order to establish one, let 
WL consider, that the size depends entirely upon the quan-^ 
tit|r of water and the velocity with which it is to pass ; 
therefore, if we can determine on the velocity, which I 
will suppose to be from 1 to 2 feet per second — but the 
slower the better, as there will be the less fall lost — we 
can find the size of the canal by the following 

THEOREM. 

Divide the quantity required in cubic feet per second 
by the velocity in feet per second, and the quotient will 
be the area of the section of the canal. Divide that area 
by the proposed depth, and the quotient is the width : or, 
divide by the width, and the quotient is the depth. 

PROBLEM I. 

Given, a 5 feet mill-stone, its mean circle to be moved 
with a velocity of 18 feet per second, on a seat of 10 feet 
virtual, or effective, descent, required the size of the ca- 
nal, with a velocity of 1 foot per second. 

Then, by theorem in Art. 63 : The area of the stone 
18,63 feet multiplied by 6 cubochs of power, is equal 
111,78 cubochs for the power (in common practice say 
112 cubochs) which divided by 10 the fall, quotes 11,178 
cubic feet required per second, which divided by 1, the 
velocity proposed per second, gives 11,178 feet, the area 
of the section, which divided by the depth proposed, 2 
feet, gives 5,58 feet for the width. 
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PROBLEM II. 

Given, a mill-stone 6 feet diameter to be moved with 
a velocity of 18 feet per second of its mean circle, to be 
turned by an undershot-wheel on a seat of 8 feet per- 
pendicular descent, required the power necessary per 
second to drive them, and the quantity of water per as- 
cond to produce said power, likewise the size of the Oft* 
nid to convey the water with a velocity of 1,5 feet par 
second. • 

Then, by Art. 61, S feet perpendicular descent, on the* 
undershot principle, is only s 4 feet virtual or effective 
descent: and the area of the stone by the table (Art. 68) 
= 27,27 feet x 6 cubochs = 163,62 cubochs for the power 
per second, which divided by 4, the effective descent = 
40,9 cubic feet, the quantity required per second, which 
divided by the velocity proposed 1,6 feet per second = 
27,26, for the area of the section of the canal, which di- 
vided by 2,25 feet, the depth of the canal proposed ss 12 
feet the width.* 

As to the fall necessary in the canal, I may obaervet 
that the fall should be in the Ixittom of the canal, and 
none on the top, which should be all the way on a level 
with the water in the dam, in order that when the gate 
is shut down at the mill, the water may not overflow 
the banks, but stand at a level with the water in the 
dam : ihiit is/os much fall as there is to be in the whole 
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ARTICLE 66. 

or AIR-PIPE8 TO PREVENT TIGHT TRUNKS FROBl BURSTING 
WHEN FILLED WITH WATER. 

When water is to be conveyed underground or in a 
tight trunk below the surface of the water in the reser- 
Toir, to any considerable distance, there must be air- 

{>ipes, (as they have been called) to prevent the trunk 
irom bursting. To understand their use, let us suppose 
a trunk 100 teet long and 16 feet below the surface of the 
water, to fill which, a gate is to be drawn at one end, of 
equal size with the trunk. Then, if the water meet no 
resistance in passing to the other end, it acquires great 
velocity, which is suddenly to be stopped when the trunk 
is full. This great column of water, in motion, in this 
case, would strike with a force equal to that of a solid 
body of equal weight and velocity, the shock of which 
would be sufficient to break any trunk that ever was made 
of wood. Many having thought the use of these pipes 
to be to let out the air, have made them too small; so that 
they would vent the air fast enough to let the water in 
with considerable velocity, but would not admit the wa- 
ter fast enough to check its motion gradually ; in which 
case thev are worse than useless ; for if the air cannot 
escape freely, the water cannot enter freely, and the 
shock will be decreased by its resistance. 

Whenever the air has been compressed in the trunk 
by the water coming in, it has made a great blowing 
noise in escaping through the crevices, and, therefore, 
has been viewed as the cause of the bursting of the trunk ; 
whereas it acted by its elastic principle, as a great pre- 
ventive against it. For I apprehend, that if we were to 
pump all the air out of a trunk, 100 feet long, and 3 b^ 
3 feet wide, and to let the water in with full force, it 
would burst were it as strong as a cannon of cast metal ; 
because, in that case, there would be 900 cubic feet of 
water, equal to 56250 lbs. pressed on by the weight of the 
atmosphere, with a velocity of 47 feet per second, to be 
suddenly stopped^ the shock of which would be almost 
iiresistible. 
11 
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I consider it best, therefore, to make an air-pipe of the 
fall size of the trunk, every 30 or 30 feet ; but this will 
depend much on the depth of the trunk below the sor- 
face of the reservoir, and upon other circumttanoet. 

Having now said what was necessary, in order the bet- 
ter to understand the theory of the power and principles 
of mechanical engines, and of water acting on water- 
wheels upon different principles; and, for establishing 
true theories of the motion of the different kinds of wir 
ter-wheels; I here quote many of the celebrated Bfr. 
Smeaton*s experiments, that the reader may comparo 
them with the theories proposed, and judge for himaell 



ARTICLE 67. 

smbaton's experiments. 

'^ jSn experimental Inquiry ^ read in the Phihscphical Sth 
defy in Londany May 3d, and 10/A, 1769, concerning 
the Natural Powers of IValer, to turn Mills and other 
machineSj depending on a circular Motion^ hy JwmieM 
Smeaton, F. Jt. S. 

\ 
** What I have to communicate on this subject was 
originally deduced from experiments made on workii^ 
which i look upoti as tiit? bi^si meauis q1 obiaiuinji 
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the deductionB made therefrom in real practice, in a va- 
riety of cases and for various purposes ; so as to be able 
to assure the society, that I have round them to answer. 



PART I. 

CONCERNING UNDERSHOT WATER-WHEELS. 

'< Plate XII. is a view of the machine for experiments 
on water-wheels, wherein 

A BCD is the lower cistern or magazine for receiving 
the water after it has left the wheel, and for supplying 

DE, the upper cistern or head, wherein the water being 
raised to any height by a pump, that height is shown 
by 

F6, a small rod divided into inches and parts, with a 
float at the bottom to move the rod up and down, as the 
surface of the water rises and falls. 

HI is a rod by which the sluice is drawn, and stopped 
at any height required by means of 

K, a pin or peg, which fits several holes placed in the 
manner of a diagonal scale upon the face of the rod 
HI. 

GL is the upper part of the rod of the pump for draw- 
ing the water out of the lower cistern, in order to raise 
aiKl keep up the surface thereof to its desired height in 
the bead DE, thereby to supply the wateir expended by 
the aperture of the sluice. 

MM is the arch and handle of the pump, which is 
limited in its stroke by 

N, a piece for stopping the handle from raising the 

E'ston too hi^h, that also being prevented from going too 
w, by meeting the bottom of (be barrel. 
O is a cylinder upon which the cord winds, and which 
being conducted over the pulleys P and Q raises 

R, the scale into which the weights are put for trying 
the power of the water. 

W the beam which supports the scale that is placed 
15 or 16 feet higher than the wheel. 
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XX is the pump-barrel 5 inches diameter and 11 
inches long. Y is the piston, and Z is the fixed yalve. 

GV is a cylinder of wood fixed upon the pump-rod, and 
reaches above the surface of the water; this piece of wood 
being of such thickness that its section is half the area of 
the pump-barrel, will cause the water to rise in the bead 
as much while the piston is descending as while it is 
rising, and will thereby keep the gauge-rod F6 more 
equally to its height. 

a a shows one of the two wires that serve as a director 
to the float, b is the aperture of the sluice, c a is a 
cant- board for canting the water down the opening c d 
into the lower cistern, c e is a sloping board for 
bringing back the water that is thrown up by the 
wheel. 

There is a contrivance for engaging and disengafftng 
the scale and weight instantaneously from the wheel, by 
means of a hollow cylinder on which the cord winds bj 
slipping it on the shaft: and when it is disengaged it 
is held to its place by a rachet-wheel : for without this, 
experiments could not be made with any degree of exact- 
ness. 

The apparatus being now explained, I think it ne* 
cessary to assign the sense in which I use the term 
power. 

The word power is used in practical mechanics, I ap- 
prehend, to si$;nify the exertion of strength, gravity, im* 
T>ube, or pressure, ^o w^ lo nroLluce motion. 
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know what part of the original power is necessarily lost 
in the application^ we must previously know bow much 
of the power is spent in overcoming the friction of the 
machinery and the resistance of the air ; also what is the 
real velocity of the water at the instant it strikes the 
wheel, and the real quantity of water expended in a given 
time. 

From the velocity of the water at the instant that it 
strikes the wheel, given; the height of the head pro- 
ductive of such velocity can be deduced, from acknow- 
ledged ^nd experienced principles of hydrostatics: so 
that by multiplying the quantity or weight of water 
really expended in a given time, by the height of head 
so obtained, whicU must be considered as the height from 
which that weight of water had descended, in that given 
time, we shall have a product equal to the original power 
of the water, and clear of all uncertainty that would arise 
from the friction of the water in passing small apertures, 
and from all doubts, arising from the different measure of 
spouting waters, assigned by different authors. 

On the other hand, the sum of the weights raised by 
the action of this water, and of the weight required to 
overcome the friction and resistance of the machine, mul- 
tiplied by the height to which the weight can be raised 
in the given time, the product will be the effect of that 
power; and the proportion of the two products will be 
the proportion of the power to the effect ; so that by load- 
ing the wheel with different weights successively, we 
shall be able to determine at what particular load and 
velocity of the wheel the effect is a maximum. 



7b determine the Velocity of the Water striking the 

Wheel. 

"First, let the wheel be put in motion by the water, 
but without any weight in the scale : and let the number 
of turns in a minute be 60: now, it is evident, that were 
the wheel free from friction and resistance, that 60 times 
the circumference of the wheel would be the space 
through which the water would have passed in a minute 

11* 
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with that velocity wherewith it struck the whaeL Bat 
the wheel being encumbered with frictton, and resist- 
ance, and yot moving 60 turns in a minute, it is plain, 
that the velocity^ of the water must have been greater 
than 60 circumferences, before it met with the wheel. 
Let the cord now be wound round the cylindert but oon- 
trary to the usual way, and put as much weight in the 
scale as will, without any water, turn the wheel some- 
what faster than 60 turns in a minute, suppose 63, and 
call this the counter-weight, then let it be tried again 
with the water assisted by this counter-weight, the wheeU 
therefore, will now make more than 60 turns in a minute* 
suppose 64, hence we conclude the water still ezerta some 
power to turn the wheel. Let the weight be increased 
so as to make 64^ turns in a minute without the water, 
then try it with the water and the weight as before, and 
suppose it now make the same number of turns with the 
water, as without; namely 64^, hence it is evident, that 
in this case the wtieel makes the same number of turns 
as it would with the water, if the wheel bad no friction or 
resistance at all, because the weight is equivalent thereto: 
for if the counter-weight were too little to overcome the 
friction, the water would accelerate the wheel, and if too 
great it would retard it : for the water in this case be- 
comes a regulator of the wheel's motion, and the velocity 
of its circumference becomes a measure of the velocity of 
the water. 
In like manner, in seeking the greatest product or max- 
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be equal to the weight that could have been raised, sup- 
posing the machine had been without friction or resist- 
ancOt and which multiplied by the height to which it 
was raised, the product will be the greatest effect of that 
power. 

The Quantity of Water expended is found thus^: — 

"The pump was so carefully made, that no water 
escaped rack through the leathers, it delivered the same 
quantity each stroke, whether quick or slow, and by as- 
certaining the quantity of 12 strokes, and counting the 
number of strokes in a minute that was sufficient to keep 
the surface of the water to the same height, the quantity* 
expended was found. 

These things will be farther illustrated by going over 
the calculations of one set of experiments. 

Specimen of a Set of Experiments. 

The sluice drawn to the first bole. 
The water above the floor of the sluice, 30 inches^ 

Strokes of the pump in a minute, 39^ 

The head raised by 12 strokes, 21 

The wheel raised the empty scale and made 7 g^ 

turns in a minute, 5 

With a counter-weight of one lb. 8 oz. it ) gg 

made, 5 

Ditto, tried with water, 86 

Na Ibt. oz. turni in a min. prodoct 

1 4:0 45 180 

9 5:0 42 210 

3 6:0 36i 3171 

4 7:0 33 j 236i 

5 8:0 30 240 max. 

6 9:0 26^ 238} 

7 10:0 22 220 

8 11:0 . 16^ 184 

9 12 : • celled working. 

* When the wheel movei lo ilowly ii not to rid the water lo fait as lupplied by 
the iluice, the accumulated water falli bacli upon the aperture, and the wheisl imme. 
diateljr ceaiei movinfr* 

Note. Thii note of the anthor argnei in fivonr of drawing the gate near the float 
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Counter-weight for 30 turns without water 2 oz. in the 
icale. 

N. B. The area of the head was 105,8 square inches, 
weight of the empty scale and pulley 10 ounces, circum- 
ference of the cylinder 9 inches, and circumference of the . 
\vater-wheel 75 inches. 

Redtiction of the above Set of Experiments. 

'^The circumference of the wheel 75 inches multiplied 
by 86 turns, gives 6450 inches for the velocity of the wa- 
ter in a minute, l-60th of which will be the velocity in a 
second, equal to 107,58 inches, or 8-96 feet, which is due to 
a head of 15 inches,* and this we call the virtual or e£feo- 
tive head. 

The area of the head being 105,8 inches, this multi- 
plied by the weight of water of one cubic inch, equal to 
the dicimal of ,579 of the ounce avoirdupois, gives 61,26 
ounces for the weight of as much water as is contained 
in the head upon one inch in depth, 1-lOth of which is 
3,83 lbs.; this multiplied by the depth 21 inches, given 
80,43 lbs. for the value of 12 strokes, and by proportion 
39| (the number made in a minute) will give 264,7 lbs., 
the weight of water expended in a minute. 

Now, as 264,7 lbs. of water may be considered as 
having descended through a space of 15 inches in a mi- 
nute, the product of these two numbers 3970 will express 
the power of the water to produce mechanical effects; 
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lbs. Oft 

The weight in the scale at the 7 g q 

maximum, \ 

Weight of the scale and pul- / q jq 

ley, 5 

Counter-weight, scale, and pul- / q 12 ^' ' 

Sum of resistance, lbs. 9 6, or 9,375 lbs. 

Now, as 9,375 lbs. are raised 135 inches, these two 
numbers being multiplied together produce 1266, which 
expresses the effect produced at a maximum : so that the 
proportion of the power to the effect is as 3970 : 1266, or, 
as 10: 3,18. 

But though this be the greatest single effect producible 
from the power mentioned, by the impulse of the water 
vpon an undershot wheel; yet, as the whole power of the 
water is not exhausted thereby, this will not be the true 
ratio between the power and the sum of all the effects 

{)roducible therefrom : for, as the water must necessarily 
eaTe the wheel with a velocity equal to the circum- 
ference, it is plain that some part of the power of the 
water must remain after leaving the wheel. 

The velocity of the wheel at a maximum is 30 turns a 
minute, and, consequently, its circumference moves at 
the rate of 3,123 feet per second, which answers to a head 
of 1,82 inches; this being multiplied by the expense of 
water in a minute; namely, 264,7 lbs. produces 481 for 
the power remaining: this being deducted from the 
original power, 3970, leaves 3489, which is that part of 
the power that is spent in producing the effect 1266 ; so 
that the power spent, 3489, is to its greatest effect 1266, 
as 10: 3,62, or as 11: 4. 

The velocity of the water striking the wheel 86 turns 
in a minute, is to the velocity at a maximum 30 turns a 
minute, as 10 : 3,5 or as 20 to 7, so that the velocity of 
the wheel is little more than l-3d of the velocity of the 
water. 

• The load at a maximum has been shown to be equal to 
^9 lbs. 6 oz. and that the wheel ceased moving with 12 
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lbs. in the scale ; to which, if the weight of the scale be 
added, namely; 10 oz.,^ the proportion will be nearljr m 
3 to 4, between the load at a maximum and that bj whioh 
the wheel is stopped.f 

It is somewhat remarkable, that, though the veUxntj 
of the wheel in relation to the water turns out greatat 
than l-3d of the velocity of the water, yet the impulse of 
the water in case of the maximum is more than double 
of what is assigned by theory; that is, instead of 4-9th8 
of the column, it is nearly equal to the whole column.^ 

It must be remembered, therefore, that in the preseat 
case, the wheel was not placed in an open river, where 
the natural current, after it has communicated its impulse 
to the float, has room on all sides to escape, as the theory 
supposes; but in a conduit or race, to which the float 
being adapted, the water cannot otherwise escape than by 
moving along with the wheel. It is observable, that a 
wheel working in this manner, as soon as the water maeU 
the float, it, receiving a sudden check, rises up against 
the float, like a wave against a fixed object, insomuch, 
that when the sheet of water is not a quarter of an inch 
thick before it meets the float, yet this sheet will act upon 
the whole surface of a float, whose height is three inches ; 
consequently, were the float no higher than the thickness 
of the sheet of water, as the theory also supposes, a great 
part of the force would be lost by the water dashing 
over it. 
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In confirmation of what is already delivered, I have 
subjoined the following table containing the result of 27 
experiments made and reduced in the manner above 
specified. What remains of the theory of undershot 
wheels, will naturally follow from a comparison of the dif- 
ferent experiments together. 
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Maxims and Observations deduced from the foregoing 
Table of Experiments. 

" Max. I. That the virtual or effective head being the 
same, the effect will be nearly as the quantity of water 
expended. 

This will appear by comparing the contents of the 
colamns, 4, 8, and 10, in the foregoing sets of experi- 
ments, as, for 

Example I. taken from JV6. 8 and 26 ; namely: 

No. Virtaalhcftd. Water expended. Effect 

8 7,29 161 328 

26 7,29 355 785 

Now the heads being equal, if the effect be propor- 
tioned to the water expended, we shall have by maxim I, 
as 161 : 856 : : 328 : 723 ; but 723 falls short of 785, as 
it turns out in experiment, according to No. 25 by 62. 
The effect, therefore, of No. 25, compared with No. 8 is 
greater than according to the present maxim, in the ratio 
of 14 to 13 * 

The foregoing example, with four similar ones, may 
be seen at one view in the following table. 

* If the true maiimmn Telocity of the wheel be ,577 of the velooitj of ihe water, 
mud tho true mazimom load be 2.3d8 of the whole column, aa shown in Art 42 : 
I the effect will be to the power in the ratio of 100 to 38, or as 10 to 3,8 a Utile 
) than appears by Ihe table of experiments in columns 9 and 10 : the diffiBrenoe 
; to the disadYantageoos applieatioo of ihe water on the wheel in the model. 
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By this table of experiments, it appears that some fall 
Oft of, and others exceed, the maximom, and all agree 
nearly as can be expected in an affair where so many 
Serent circumstances are concerned ; therefore, we may 
nclude the maxim to be true. 

Max. II. That the expense of the water being the same, 
B effect will be nearly as the height of the virtual or 
ective head. 

This also will appear by comparing the contents of co- 
nns, 4,8 and 10, in any of the sets of experiments. 

Example I. of No. 2 and No. 24. 



No. 


Virtoal HmuL 


EzpeiiM. 


Eftet. 


2 


15 


264,7 


1266 


S4 


4.7 


262 


85 



Now, as the expenses are not quite equal, we must 
dportion one of the effects accordingly, thus : — 
By maxim I. 262 : 264,7 : : 385 : 389 

And by Max. II. 15 : 4,7 : : 1266 : 397 

Difference, 8 

The Effect, therefore, of No. 24, compared with No. 
is less than according to the present maxim, in the ra- 
of 49 : 50. 

Max. III. That the quantity of water expended being 
I same, the effect is nearly as the square root of its ve- 

This will appear by comparing the contents of co- 
nns 3, 8, and 10, in any set of experiments ; as for 

Example I. of No. 2 with No. 24 ; namely: 



Vo. 


Tunis In a miimte. 


Expense. 


ESbet 


2 


86 


264,7 


1266 


24 


48 


262 


385 



The velocity being as the [number of turns we shall 
re 
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By maxim I. . 262 : 264,7 :: 285:389 

And by max. lU. J ^l^^ ^ ^sol ] '•'' ^^^^W 

DifTerence, 5 

The effect of No. 24, compared with No. 2, is less than 
by the present maxim in the ratio of 78 : 79. 

Max. IV. The aperture being the same, the effect will 
be nearly as the cube of the velocity of the water. 

This also will appear by comparing the contents of co- 
lumns 3, 8, and 10, as, for 

Example JSTo. 1, and No. 10, namely: — 



X<k 


Tora*. 


EzpeoM. 


Eflfcei. 


1 


88 


275 


1411 


10 


42 


114 


117 



Lemma. It must here be observed, that, if water pM| 
out of an aperture in the same section, but with differem 
velocities, the expense will be proportional to ttie velocity; 
and, therefore, conversely, if the expense be not propor- 
tional to the velocity, the section of water is not the same. 

Now comparing the water discharged with the turns 
of No. 1 and 10, we shall have &8:42::275:131,2; but the 
water discharged by No. 10 is only 114 lbs., therefore, 
though the sluice was drawn to the same height in No. 
10 as in No* 1, yet the section of the water 
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The effect, therefore, of No. 10, compared with No. 1, is 
less than ought to be, by the present maxim, in the ratio 
of 7:8. 

OBSERVATIONS. 

^^ Observ. 1st. On comparing columns 2 and 4, table 
I., it is evident that the virtual head bears no certain 
proportion to the head of water, but that when the aper- 
ture is greater, or the velocity of the water issuing there- 
from less, they approach nearer to a coincidence : and, 
consequently, in the large^pening of mills and sluices, 
where great quantities of water are discharged from mo- 
derate beads, the head of water and virtual head deter- 
mined from the velocity will nearer agree, as experience 
confirms. 

Observ. 2d. Upon comparing the several proportions 
between the powers and effects in column 11th, the most 
general is that of 10 to 3, the extremes are 10 to 3,2 and 
10 to 2,8 ; but as it is observable, that where the quan- 
tity of water or the velocity thereof is great, that is» where 
the power is greatest, the 2d term of the ratio is greatest 
also, we may, therefore, well allow the proportion sub- 
sisting in large works as 3 to 1. 

Ofa^rv. 3d. The proportion of velocities between the 
water and wheel in column 12 is contained in the limits 
of 3 to 1 and 2 to 1 ; but as the greater velocities approach 
the limits of 3 to 1, and the greater quantity of water ap- 

E roaches to that of 2 to 1, the best general proportion will 
e that of 5 to 2.^ 
Observ. 4th. On comparing the numbers in column 
13, it appears, that there is no certain ratio between the 

* I will here obeenre that Mr. SmMton maj be miiUken in hit coneTofion, that 
the beat n^eral ratio of the Yelocitj of the water to that of the wheel wiH be at 5 
lo 8, becuute, we maj obeerre, thai, in the first experiment, where thft tirtmU head 
^irwi 15,65 inchea, and the fale drawn to the first hole, the ratio ia a» 10:2^4^ Bat 
in the last eiperiment, where the head was 5,03 inches, and the i^ate drawn- to the 
•ixth hole, the ratio is aa 10:5,2 and that the 2d term of the ratio increases, gra- 
^InaUy, aa the head decreasee, and quantity of water increaaea ; therefore, we may 
^ooclode, that, in the large opeainga of mtlla, the ratio miiy approach ;.3 to 3. whloh 
^ill af ree with the practioe and ezperimenta of many able QMllrwrighta of America, 
mad many ezperimenta I have made on mills. And as it ia belter to rive the wjjeel 
tioo great than too little velocity, I oonclnde, the wheel of •n, nnderahot mill mint 
litave nearly two-thirda of the velocity of the water tapiodiipe a maximwo eflQ^yct 

12* 
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load that the wheel will carrv at its maximuaii and what 
will totally stop it ; but that they are contained within the 
limits of 20 to 19 and of 20 to 15 ; but as the effect ap- 
proaches nearest to the ratio of 20 to 15 or of 4 to 3, when 
the power is greatest, whether by increase of velocity or 
quantity of water, this seems to be the most applicable 
to large works; but as the load that a wheel ought to 
have in order to work to the best advantage, can be as- 
signed by knowing the effect it ought to produce, and 
the velocity it ought to have in prolucing it, the exact 
knowledge of the greatest load that it will bear is of lass 
consequence in practice.^ 

It is to be noted, that in almost all of the examples 
under the three last maxims, (of the four preceding) the 
efTect of the less power falls short of its due proportioa to 
the greater, when compared by its maxim. And hence, 
if the experiments be taken strictly, we must infer that 
the effects increase and diminish in a higher ratio than 
those maxims suppose ; but as the deviations are not very 
considerable, the greatest being about l-8th of the qoaii- 
tity in question, and as it is not easy to make experiments 
of 80 compound a nature with absolute precision, we may 
rather suppose that the less power is attended with soma 
friction, or works under some disadvantage, not account* 
ed for: and, therefore, we may conclude, that these max- 
ims will hold very nearly, when applied to works in 
large. 

Afler the experiments above mentioned were tried. 
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PART 11. 

ARTICLE 68. 
CONCERNING OVERSHOT WHEELS. • 

In the former part of this essay, we have considered 
the impulse of a confined stream, acting on undershot 
wheels ; we now proceed to examine the power and ap- 
plication of water, when acting by its gravity on overshot 
wheels. 

It will appear in the course of the following deduc- 
tions, that the effect of the gravity of descending bodies 
is very different from the effect of the stroke of such as 
axe non-elastic, though generated by an equal mechanical 
power. 

The alterations of the machinery already described to 
accommodate the same for experiments on overshot 
wheels, were principally as follows : — 

Plate XII. — The sluice I b being shut down, the rod 
H I was taken off. The undershot water-wheel was 
taken off the axis, and instead thereof, an overshot wheel 
of the same size and diameter was put in its place. N6te, 
this wheel was 2 inches deep in the shroud or depth of 
the bucket, the number of buckets was 36. 

A trunk for bringing the water upon the wheel was 
fixed according to the dotted lines f g, the aperture was 
^justed by a shuttle, which also closed up the outer end 
of the trunk, when the water was to be stopped. 
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Specimen of a set of Experiments. 

Head 6 inches— 14^ strokes of the pump in a minute, IS 
ditto = 80 lbs.* — weight of the scale (being wet) l(l| 
ounces. 

Counter weight for 20 turns, besides the scale, 3 oanees. 



N«. 


Wt in the Male. 


Tarns. 


Product 




1 





60 


^ 


1 threw most p«rt of 


2 


1 


56 


■ 


• the water oat of tlie 


3 


2 


52 


__ 


1 wheel. 


4 


3 


49 


147 \ 


> received the water 


5 


4 


47 


188 < 


I more quietly. 


6 


5 


45 


226 




7 


6 


42i 


265 




8 


7 


41 


287 




9 


8 


38i 


308 




10 


9 


36i 


328i 




11 


10 


35i 


366 




12 


11 


82J 


360i 




13 


12 


31* 


375 




14 


13 


28i 


370i 
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Reduction of the preceding Specimen. 

In these experiments the head being 6 inches, and the 
height of the wheel 24 inches, the whole descent will be 
30 inches; the expense of water was 14^ strokes of the 
pump in a minute, whereof 12 contained 80 lbs., there- 
fore, the water expended in a minute, was 96f lbs. which 
multiplied by 30 inches, give the power = 2900. 

If we take the 20th experiment for the maximum, we 
shall have 20| turns in a minute, each of which raised 
the weight 4^ inches, that is, 93,37 inches in a minute. 
The weight in the scale was 19 lbs., the weight of the 
scale \0\ oz., the counter-weight 3 oz. in the scale, which 
with the weight of the scale \Q\ oz., make in the whole 
20i lbs. which is the whole resistance or load; this, mul- 
tiplied by 93,37 makes 1914, for the effect 

The ratio, therefore, of the power and effect will be as 
2900: 1914, or as 10 : 6,6, or as 3 to 2, nearly. 

But, if we compute the power from the height of the 
wheel only, we have 96| lbs. x 24 inches = 2320 for the 
power, and this will be to the efifect as 2320 : 1914, or as 
10 : 8,2, or as 5 to 4, nearly. 

The reduction of this specimen is set down in No. 9 
of the following table, and the rest were deduced from a 
similar set of experiments,^reduced in the same manner. 
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TABLE III. 

CONTAINING THE RESULT OF 16 SETS OF EZPERIMBNT8 
ON OVERSHOT WHEELS. 



Tf 
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a 
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< 

S 

s, 
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4 ' 


a. 

f 


r 






i 




J 


5: 


a 


4 


2. 


i 


1 


II 






? 


I 


i 

5 

1 

s 


f 


1 


f 


? 


1 


1 


^ 










f 


3^ 

6 


1 


^ 






ft 














r 










a 


s. 






* 




iftebn. 


Ih*. 




Ibt. 


















27 


3ft 


It 


61.2 810 


790 


5K 


10:ej> 


10;7,T 


*^ 






at 


5€34 


161 4 


U1.31SS0 


13G0 


iOio;tO:$i) 


TO: 7^ 


:;« 








3? 


5f3^ 


203 4 


12l-ail5Sft|3<K> 


nfiT10E7.fflO:M^&! 




1 




'27 


e3i.3 


201,2 


1 3 t .2 HHI 15'24 124510 : 7JI 10 : 85 £ | 






c ^j? 


7fi*3^ 


^Jl !_' 
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OBSERVATIONS AND DEDUCTIONS FROM THE FOREGOING 
EXPERIMENTS. 

I. Concerning the Ratio between the Power and Effect of 
Overshot Wheels. 

'< The effective power of the water must be reckoned 
upon the whole descent, because it must be raised to that 
height in order to be in a condition of producing the same 
effect a second time. 

The ratios between the powers so estimated, and the 
effects at a maximum deduced from the several sets of 
experiments, are exhibited at one view in column 9 of 
Table III. ; and hence, it appears, that those ratios differ 
from that of 10 to 7,6 to that of 10 to 5,2 ; that is, nearly 
from 4 : 3 to 4 : 2. In those experiments where the heads 
of water and quantities expended are least, the proportion 
is nearly as 4 to 3 ; but where the heads and quantities 
are greatest, it approaches nearer to that of 4 to 2, and 
by a medium of the whole the ratio is that of 3 : 2, nearly. 
We have seen before, in our observations upon the effects 
of undershot wheels, that the general ratio of the power 
to the effect, when greatest, was as 3 : 1. Tfie effect^ 
ihereforcj of overshot wheels j under the same circumstances 
ofqwrntity andfaUj is, at a medium, double to that of the 
unaershot : and a consequence thereof that non^lastic bo- 
dieSf when acting by their impulse or collision, communicate 
onfy apart of their original power: the other part being 
spent in changing their figure in consequence of the 
stroke.* 

The powers of water computed from the height of the 
wheel only, compared with the effects as in column 10, 
appear to observe a more constant ratio : for if we take 
the medium of each class, which is set down in column 
lit "^^ shall find the extremes to differ no more than 
from the ratio of 10 : 8,1 to that of 10 : 8,5, and as the 
aaooiid term of the ratio gradually increases from 8,1 to 
8^ by an increase of head from 3 inches to 11, the ex^ 



oflhe tiitlMf affeewiUiaMtlM0ff^,Art.4i— 43. Ii^ 
M, when aetiof by impali 
«rtfcrir«iftal po««;» ^ tlM lsiNr«rMaoib 



«iU. tktA mmImUc bodiM, when aetuif by iin|Nilee or ooHiiioiH oommoDMate owg^ 
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ces^of 8,5 above 8,1 is to be imputed to the superior im- 
pulse of the water at the head ot 11 inches, above that of 
3 inches ; so that if we reduce 8,1 to 8, on account of the 
impulse of the 3 inch head, we shall have the ratio of the 
power computed upon the height of the wheel only, to 
the effect at a maximum, as 10 : 8, or as 5 : 4, nearly. 
And from the equality of the ratio, between power and 
effect, subsisting where the constructions are similar, we 
must infer that the effects as well as the powers, are, as 
the quantities of water and perpendicular heights, midti- 
plied together respectively. 



II. Concerning the most proper Height of the Whedim 
proportion to the whole Descent. 

" We have already seen, in the preceding obeervtitioii, 
that the effect of the same quantity of water, descend- 
ing through the same perpendicular space, is douUe, 
when acting by its gravity upon an overshot wheel, to 
what the same produces when acting by its impulse, upon 
an undershot. It also appears, that, by increasing the 
head from 11 to 3 inches, that is, the whole descent, from 
27 to 35, or in the ratio of 7 to 9, nearly, the effeot n 
advanced no more than in the ratio of 8,1 to 8,4 ; that it, 
as 7 : 7,26, and, consequently, the increase of the efleet 
is not l-7th of the increase of the perpendicular heiKliL 
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thereby dashing a part of it over, so much of the power 
is lost. I 

The velocity that the circumference of the wheel ought 
to have, being known, the head requisite to give the 
water its proper velocity is easily computed by the com- 
mon rules of hydrostatics, and it will be found much 
less than* what is commonly practised. 

III. Concerning the velocity of the Circumference of the 
Wheel in order to produce the greatest effect. 

" If a body be let fall freely from the surface of the 
head to the bottom of the descent, it will take a certain 
time in falling, and in this case the whole act\on of gra- 
vity is spent in giving the body a certain velocity: but, 
if this body in falling be made to act upon some other 
body, so as to produce a mechanical effect, the falling 
body will be retarded ; because, a part of the action of 
gravity is then spent in producing the effect, and the re- 
mainder only giving motion to the falling body: and, 
therefore, the slower a body descends, the greater will 
be the portion of the action of gravity applicable to the 
producing of a mechanical effect. Hence, we are led to 
this general rule, that the less the velocity of the wheel, 
the greater will be the effect thereof.- A confirmation of 
this doctrine, together with the limits it is subject to in 
practice, may be deduced from the foregoing specimen 
of a set of experiments. 

From these experiments it appears, that when the 
wheel made about 20 turns in a minute, the effect was 
Dearly upon the greatest; when it made 30 turns, the ef- 
fect was diminished about l-20th part; but that, when it 
made 40, it was diminished about l-4th: when it made 
less than 18^ its motion was irregular ; and when it was 
loaded so as not to admit its making 18 turns, (he wheel 
was overpowered by its load. 

It is an advantage in practice, that the velocity of the 

wheel should not be diminished farther than what will 

procure some solid advantage in point of power; because, 

u the motion is slower, the buckets mu3t be made larger, 

13 
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and the wheel being more loaded with water, the stress 
upon every part of the work wiU be increased in propor- 
tion : the best velocity for practice, therefore, will be 
such as when the wheel here used made about 30 tarns 
in a minute; that is, when the velocity of the circumfe- 
rence is a little more than 3 feet in a second. 

Experience confirms, that this velocity of 3.feet in a 
second, is applicable to the highest overshot wheels as 
well as the lowest ; and all other parts of the work being 
properly adapted thereto, will produce very nearly the 

f greatest effect possible. However, this also is certain, 
rom experience, that high wheels may deviate farther 
from this rule, before they will lose their power, by a 
given aliquot part of the whole, than low ones can be ad- 
mitted to do: for a wheel of 24 feet high may move at 
the rate ot 6 feet per second without losing any consi- 
derable part of its power : and, on the other band, I have 
seen a #heel of 33 feet high that has moved very stea- 
dily and well, with a velocity* but little exceeding 8 
feet."* 

[Mr. Smeaton has also made a model of a wind-mill, 
and a complete set of experiments on the power and ef- 
fect of the wind, acting on wind-mill sails of different 
constructions. But as the accounts thereof are quite too 
long for the compass of my work, I therefore, extract 
little more than a few of the principal maxims deduced 
from his experiments, which, I think, may not only be of 
use to those who are coticerned in build in;? wind-milts^ 
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PART III. 

ARTICLE 69. 
OF tHB CONSTRUCTION AND EFFECTS OF WIND-MILL SAILS.* 

" In trying experiments on wind-mill sails, the wind 
itself, is too uncertain to answer the parpose ; we must, 
therefore, have xecourse to artificial wind. 

This maj be done two ways ; either by causing the air 
to move against the machine, or the machine to move 
against the air. To cause the air to move against the 
machine in a sufficient column, with steadiness and the 
requisite velocity, is not easily put in practice: To carry 
the machine forward in a right line against the air, would 
require a larger room than I could conveniently meet 
with. What I found most practicable, therefore, was to 
carry the axis whereon the sails were to be fixed progres- 
sively round in the circumference of a large circle. Upon 
this idea the macliine was constructed.! 

Specimen of a Set of Experiments. 

Radius of the sails, .... 21 inches. 
Length of do. in cloth, - - - - 18 
Breadth of do., - . - - - - 5,6 . 

C Angle at the extremity, - - - Ip degs. 
t < Do. at the greatest inclination, - 25 

( 20 turns of the sails raised the weight, 11,3 inch. 
Velocity of the centre of the sails in the cir- ^ 

cumference of the great circle in a second, > 6 feet. 

in which the machine was carried round, ) 
Continuance of the experiment, - - 52 seconds. 



* Rtad May 31st and June 14th, 1759, in the PhilcMophical Society of London. 

t 1 decline g'Mng any description or draught of ibis machine, as I na?e not room ; 
bot I may say, that it was constructed so as to wind up a weight, (as did the other 
model,) in order to find the effect of the power. I also insert a specimen of a set of 
espeiimenta, which I fear will not be well understood for want of a full explanation 
oitbe machine. 

I In the following experiments, the angle of the sails is accounted from the plane 
c€ tknr motion ; that is, when they stand at right angles to the axis, their angle is 
deooied ^. deg.; this notation being agreeable to the language of practitioners, who 
caH the angle so dent>ted the weather of the sail ; which they denominate greater or 
IcM, according to the quaniiy of the angle. 
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Now 


WeicbtmtheMale. 


Tnnw. 


Product 


1 


Olbs. 


108 





2 


6 


85 


510 


3 


6i 


81 


526 i 


4 


7 


78 


• 546 


6 


n 


73 


547i maxim. 


6 


8 


65 


520 


7 


9 









The product was found by simply multiplying the 
weight in the scale by the number of furns. 

By this set of experiments it appears, that the maxi- 
mum velocity is 2-3ds of the greatest velocity, and that 
the ratio of the greatest load to that of the maximum is 
as 9 to 7,5 but, by adding the weight of the scale and 
friction to the load, the ratio turns out to be as 10 : 8,4, 
or 5 to 4, nearly. The following table is the result of 19 
similar jets of experiments. 

By tne following table it appears that the most general 
ratio between the velocity of the sails unloaded and when 
loaded to a maximum, is 3 to 2, nearly. 

And the ratio between the greatest load and the load at 
a maximum (taking* such experiments where the sails 
answered best,) is at a medium, about as 6 to 5, nearly. 

And that the kind of sails used in the 15th and 16th 
experiments are best of all, because they produce the 
greatest effect or product, in proportion to their quantity 
•of surface, as appears in column 12. 
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TABLE IV. 

CoalainiBf Ninetaeo Belt of Experimenti on Wind-mill Stilt of Ttrioot Stroetiiret, 
Poritioot, tod Qutatitiet of Sorftoe. 
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L PItin ftib at tn angle of 55 degreet. ) 

II. PItin lailt wetthered according to common |>rtetice. 

IlL Wetthered aeoording to MacUarin*8 theoreoi. 

TV. Weathered in the Dutch mnnner, tried in ?trioiia poaltiont. 

V. Wetthered in the Dotch manner, bat enlar^ towtrda the extrcmittes. 

VI. Eight ttila, being leclort or ellipaea in their hett potitiona. 
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TABLE V. 



CooUininf the fetolt of tii leti of experiments, made for determiniaf Uw 
of efiect «ccordio|r to the differeut velocity of the wind. 
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Concerning the Effects of Sails according to the different 
Velocity of the Wind. 

*'From the foregoing table the following. maxims are 
deduced. 

Maxim I. •The velocity of wind-mill sails, whether un- 
loaded or loaded, so as to produce a maximum, is nearly 
as the velocity of the wind, their shape and position being 
the same. 

This appears by comparing the respective numbers of 
columns 4 and 5, table v., wherein those numbers 2, 4, 
and 6, ought to.be double of No. 1, 3, and 5, and are as 
nearly so as can be expected by the experiments. 

Maxim 11. The load at the maximum is nearly, but 
somewhat less than, as the square of the velocity of the 
wind, the shape and positions of the sails being the same. 

This appears by comparing No. 2, 4, and 6, in column 
6. with 1, 3, and 6, wherein the former ought to be quad- 
ruple of the latter, (as the velocity is double,) and are as 
nearly so as can be expected. 

Maxim III. The effects of the sama sails at a maximum 
are nearly, but somewhat less than, as the cubes of the 
velocity of the wind.* 

It has been shown, maxim I, that the velocity of sails 
at a maximum, is nearly as the velocity of the wind; and 
by maxim II, that the load at the maximum, is nearly as 
the square of the same velocity. If those two maxims 
would hold precisely, it would be a consequence that the 
effect would be in a triplicate ratio thereof. How this 
agrees with experiment will appear by comparing the 
products in column 8, wherein those of No. 2, 4, and 6, 
(the velocity of the wind being double,) ought to be octu- 
ple of those of No. 1, 3, and 5, and are nearly so. 

Maxim IV. The load of the same sails at the maximum 
is nearly as the squares of, and their effects as the cubes 
of, their number of turns. in a given time. 

* This confiriQs the 7th law of ipouUnir fluids. 
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This maxim may be esteemed a consequence of the 
three preceding oi^es." 

These 4 maxims agree with and confirm the 4 maxims 
concerning the effects of spouting fluids acting on under- 
shot mills ; {ind, I think, sufliciently confirm as a law of 
motion, that the effect produced, if not the instant mo- 
menturb of a body in motion, is as the square of its velo- 
city, as asserted by the Dutch and Italian philosophers. 
Smeaton says that by several trials in large, he has found 
the following angles to answer as well as any: — 

*' The radius is supposed to be divided into 6 parts, and 
l-6th, reckoning from the centre is called I, the extremity 
being denoted 6. 



No. 


Angle wiib the ui*. 


Angle with the pluie ofmotioo. 


1 


72° 


18° 


2 


71 


19 


3 


72 


18 middle. 


4 


74 


16 


5 


771 


12i 


6 


83 


7 extremity.' 



He seems to prefer the sails being largest at the ex- 
tremities. 




THE 

YOVNO MILIi-WRICHT'S 
GUIDE. 

PART THE SECOND. 

INTRODUCTION. 

What has been said in the first part, was meant to 
.establish theories, and to furnish easy rules. In this part 
I mean to show their practical application, in as concise 
a manner as possible, referring only to the articles in the 
first part, where the reasons and demonstrations are 
given. 

This part is particularly intended for the help of young 
and practical mill-wrights, whose time will not admit of 
a full investigation of tnose principles and theories, which 
have been laid down; I shall, therefore, endeavour to 
reduce the substance of all that has been said, to a few 
table rules, and short directions, which, if found to agree 
with experience, will be sufficient for the practitioner. 

CHAPTER IV. 

OF THE DIFFERENT KINDS OF MILLS. 



ARTICLE 70. 
OF UNDERSHOT MILLS. 

Undershot wheels move by the percussion or stroke of 
the water, and are only half as powerful as other wheels 
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that are moved by the gravity of the water. See Art 9. 
Therefore, this conetructioD ought not to be adopted ex- 
cept where there is bat little fall, or great plenty of 
water. The undershot wheel and all others that move 
by percussion, should move with a velocity nearly equal 
to two-thirds of the velocity of the water. See Art 42, 
Fig. 28, Plate IV., represents this construction. 

For a rule for finding the velocity of the water, under 
any given bead, see Art. SL Upon the principles, and 
by the rule, given in that article, is formea the lollowing 
table of the velocity of spouting water, under different 
heads, from one to twenty-five feet high above the centre 
of the issue; to which is added the velocity of the wheel 
suitable thereto, and the number of revolutions a wheel of 
fifteen feet diameter (which I esteem & good size) will 
revolve in a minute; also, the number of cogs and rounds 
in the wheels both for double and single gears, so as* 
to produce about ninety-seven or one hundred revolu- 
tions per minute, for a five feet stone, which I think a 
good motion and size for a mill stone, grinding for mer- 
chantable flour. 

That the reader may fully understand how the follow- 
ing table is calculated, let him observe, 

1. That, by Art. 42, the velocity of the wheel must be 
just 577 thousandth parts of the velocity of the water ; 
therefore, if the velocity of the water, per second, be mul- 
tiplied by ,577, the product will be the maximum velocity 
01 the wheel, or velocity that will produce the greatest 
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mlnate which is found in the ninth and twelfth co- 
lumns. 

4. The cubochs of power required to driye the stone 
being by Art. 61, equal to 111,78, cubochs per second, 
which divided by half the head of water, added to all 
the fall (if any,) being the virtual or eflFective head by 
Art. 61, gives the quantity of water, in cubic feet re- 
quired per second, which is found in the thirteenth co- 
lumn. 

5. The quantity required, divided by the velocity with 
which it is to issue, gives the area of the apertures of the 
gate, and is shown in the fourteenth column. 

6. The quantity required, divided by the velocity 
proper for the water to move along the canal, gives the 
area of the section of the canal ; as in the fifteenth co- 
lumn. 

7. Having obtained their areas, it is easy, by Art. 65, 
to determine the width and depth, which may be varied 
to suit other circumstances. 
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THE MILL-WRIGHT'S TABLE 



FOR 



UNDERSHOT MILLS, 

CALCULATED FOR A WATER WHEEL OF FIFTEEN FEET, AND 
STONES OF FIVE FEET DIAMETER. 
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It mast be observed, that five feet fall is the least that a 
single gear can be built on, to keep the cog-wheel clear 
of the water, and give the stone sufficient motion. 

Although doable gear is calculated to fifteen feet fall^ 
yet I do not recommend them above ten feet, unless for 
some particular convenience, such as for two pair of 
stones to one wheel, &c. &c. The number of cogs in 
the wheels is even, and is thus sailed to eight, six, or four 
arms, so as not to pass through any of them, this being 
the common practice ; but when the motion cannot be 
obtained without a trundle that will cause the same cogs 
and rounds to meet too often, such as 16 into 06, which 
will meet every revolution of the cog-wheel, or 18 to 96, 
which will meet every third revolution ; I advise the put'^ 
ting in either, of one more, or*one less, as may best suit 
the motion, which will cause them to change oftener. 
See Art. 82. 

It should be recollected, that the friction at the aperture 
of the gate will greatly diminish both the velocity and 
power of the water, where the head is great, if the gate 
be made of the usual form, that is, wide and shallow. 
Where the head is great, the friction will be great. See 
Art. 65 : therefore, the wheel must be narrow, and the 
aperture of the gate of a square form ; in order to avoid 
the friction and loss in a wide wheel, especially if it do 
not run very closely to the sheeting. 

Use of the Table. 

Having levelled your mill-seat carefully, and finding 
such fall and quantity of water as determines you to 
make choice of an undershot wheel; for instance, suppose 
6 feet fall, and about 45 cubic feet of water per second, 
which you may find in the way directed in Art. 53 ; cast 
off about one foot for fall in the tail-race below the bot« 
torn of the wheel, if subject to back-water, which leaves 
you 5 feet head ; then lock for 5 feet head in the first 
column of the table, and against it are all the oalculfitions 
for a 15 feet water-wheel and 5 feet stones; in the thir- 
teenth column you have 44,7 cubic feet of water, which 
shows you have enough fbr a pair of five feet stones ; and 
14 
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the Telocity of the water will be 18 feet per second, the 
velocity of the wheel 10,38 feet per second, and it will 
revolve 13,22 times per minute. If 790 choose double 
^ear, then 66 cogs in the master cog-wheel, 24 rounds 
m the wallower, 48 cogs in the counter cog-wheel, and 
18 rounds in the trundle, will give the stone 97 revolii* 
tions in a minute ; if single gear, 112 cogs and 15 rounds 
give 98,66 revolutions in a minute; it will require 44,7 
cubic feet of water per second ; the size of the gate mutt 
1)0 2,48 feet ; which will be about 4 feet wide, and ,62 
feet, or about 7| inches deep : the size of the canal must 
be 29,8 feet; that is, about 3 feet deep and 9,93 or nearly 
10 feet wide. If you choose single gear, you must make 
your water-wheel much smaller, say 7 J, the half of 15 
feet, then the co(2[-wheel must have half the number of 
cogs, the trundle head the same, the spindle will lie longer, 
and the husk lower ; the mill will then be full as good as 
with double gear: in the case supposed, however, a cog- 
wheel of 66 cogs would not answer, because it would 
reach the water; but where the head its ten or twelve 
feet, it will do very well. 

If you choose stones, or water-wheels, of other sizes, 
it will be easy, by similar rules, to proportion the whole 
to suit, seeing you have the velocity of the periphery of 
a wheel to any size.* 



* OfM aHranUffe U?re whreb fakira ovir *ni«H ttam i*, (hot ttwf «4«t o#lJkr W«l 
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Ol^servatiom an the Table. 

1. The table is calculated for an undershot wheel con- 
structed, and the water shot on, as in Plate IV. fig. 28- 
The head is counted from the point of impact I., ^nd the 
notion of the wheel at a maximum, about ,58 of the velo- 
\ily of the water; but when there is plenty of water, and 
jreat head, the wheel will run best at about ,66 or two- 
hirds of the velocity of the water ; therefore, the stones 
vill incline to run faster than in the table, in the ratio of 
)S to 66, nearly; for which reason, I have set the motion 
)f 5 feet stones under 100 revolutions in a minute, which 
s slower than common practice; they will incline to run 
between 96 and 110 revolutions. 

2. I have'taken half of the whole head above the point 
)f impact, for the virtual or effective head by Art. 53, 
(.vbich I apprehend will be too little in very low heads, 
uid, perhaps, too much in high ones. As the principle 
3f non-elasticity does not seem to operate against the 
power so much in low as in high heads; therefore, if the 
head be only 1 foot, it may not require 223,5 cubic feet 
rf water per second, and if 20 feet, may require more than 
11,17 cubic feet of water per second, the quantities given 
in the table. 



ARTICLE 71. 
OF TUB MILLS. 

A tub mill has a horizontal water-wheel, that is acted 
on by the percussion of the water altogether; the shaft is 

Ibe nearer the ?ate, the greater the \'e1ocily and power of the water; which argues 
io favo'ir of drawing the gate near the floutii. Yet, where the hXL ia great, or water 
plenty, and the expense ofa deep pcnatock considerable, the imall diflbreoce of power 
IS not wonh the expense of thaa obtaining it In these cases, it is best to have a 
ihallow penstock, and a long shute to convey the water down to the wheel, drawing 
Lh« rate at the top of the shute : this ir frequently done to save expense in building 
nn^-inills, with flutter wr heels, which are small undershot wheels, fixed on aerank 
■baft, and made so small as to obtain a sufficient number of strokes of the saw in a 
nlnale, say sbout 130. This wheel is to be of such a sixo as w calculated to suit 
the velocity of the water at the point of impact, so as to make that number of revo- 
lotaons (1^) in a minute. 

TVomas Ellieotrs method of shootinr the water on an undershot wheel where the 
frll is great, is shown in Plate 13, Bg, S, 
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vertical, carrying the stone on the top of it, and senret 
in place of a spindle ; the lower end or this shaft is set in 
a step fixed in a bridge-tree, by which the stone is raised 
and u)wered, as by the bridge-tree of other mills; the wa- 
ter is shot on the upper side of the wheel, in the di- 
rection 'of a tangent with its circumference. See fig. 
29, Plate IV., which is a top view of the tub-wheel, and 
fig. 39, which is a side view of it, with the stone on the 
top of the shaft, bridge-tree, &c. The wheel runs in a 
hoop, like a mill-stone hoop, projecting so far above the 
wheel as to prevent the water from shooting over the 
wheel, and whirls it about until it strikes the buckets, 
because the water is shot on in a deep narrow columny 
9 inches wide and 18 inches deep, to drive a 5 feet stone* 
with 8 feet head — the whole of this column cannot enter 
the buckets until a part has passed half way round the 
wheel, so that there are always nearly half the buckets 
struck at once: the buckets are set obliquely, that the 
water may strike them at right angles. See Plate IV., 
fig. 30. As soon as it strikes, it escapes under the wheel 
in every direction, as in fig. 29.* 



* NoTC That in Plate IV. 6f . 30, 1 have allowed t)ic fate to be drawn iiwide •( 
the penatock, and not In the »hut« near the wheel, aa ia Uic eommoo practice; be* 
cauac the Hatrr will k-ak out much alon^aidc of the jratc, if drafln in the ellote. 
Bat here we moat eonaider that ihe ^ nte, niuat nlwaya br full drawn, and the quan- 
tity nf water ref ulated by a rff^ulator in the ahute near the wheel ; ao that the ehnlc 
will be perfoetljr full, and pri-«ked wiih the whole weight uf the bead, else, a gtmX 
ptH oflba powcf mar bo V^L 
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The disadvantages of these wheels are, 

1. Under the best construction the water does not act 
o advantage on them ; and it is in general necessary to 
nake them so small, in order to give velocity to the stone, 
bat the buckets take up a third part of their diameter. 

2. The water acts with le$s power than on undershot 
frheels; as it is less confined at the time of striking the 
ivbeel, and its non-elastic principle operates more fully. 

3. If the head be low, it is with difficulty we can pat 
i sufficient quantity of water to act on them so as to drive 
;hem with sufficient power ; I, therefore, advise to let the 
irater strike on them in two places; as in Plate IV. fig. 
S9 ; the apertures need then only be aboi^t 6 by 13 inches 
»ch, instead of 9 by 18; they will then operate to more 
advantage, as nearly all the buckets will be acted on at 
>nce. 

Their advantages are. 

Their exceeding simplicity and cheapness, having no 
X)gs nor rounds to be kept in repair, their wearing parts 
ire few, and have but little friction ; the step-gudgeon 
■uns under water, therefore, if well-fixed, it will not get 
rat of order in a long time; they will move with suffi- 
cient velocity and power with 9 or 10 feet total fall, if 
here be plenty of water; and, if they be well fixed, they 
wrill not require much more water than undershot wheels ; 
iiey are, therefore, preferable in all seats which have a 
lurplus of water, and above 8 feet fall. 

In order that the reader may fully understand how 
the following table for tub-mills is calculated, let him 
3onsider, 

1. That the tub-wheel moves altogether by percussion, 
khe water flying clear of the wheel the instant it strikes, 
md that it is better, (by Art. 70,) for such wheels to move 

»r fban the lower end, these defecit nrill eanse mach Ion of power. To remedy all 
Jiii, put the i^ate H at the bottom of the nhutc to regulate the quantiiy of water bj , 
md make a valve at A to shut on the iniide of the abate, like the valve of a pair of 
bellowa, which will close when tlie gate A U drawn, and open whrn the irate vhuta^ 
md let air into the shute^ this plan will do better for saw.mills with flutter-whecls, 
or tab-millo, than loo^ open shutes, as by ii we avoid the frictioo of the shate and 
the reaistance of the air. 

To anderstand what is here said, the reader roost be acquainted with the theory 
of ibe pressure of the atmosphere, vacoums, &c. See these subjects toodbed on in 
Arise. 

14* 
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filter than the oalcalated maximum velocity: tbereforet 
iDstead of ,577, we will allow them to move ,66 velocity 
of the water ; then multiplying the velocity of the water 
by 966, ffives the velocity of the wheel, at the centre of 
the buckets, which constitutes the 3d column in the 
table. 

2. The velocity of the wheel per second, molti|(^lied by 
60, and divided by the number of revolutions the stone 
is to make in a minute, gives the circumference of the 
wheel at the centre of the buckets; which circumference, 
multiplied by 7, and divided by 3d, give the diameter 
from the centre of the buckets, to produce the number of 
revolutions required ; which are contained in the 4th, 6th, 
and 7th columns. 

3. The cuboohs of power required, by Art 63, to drive 
the stone, divided by half the head, give the cubic feet of 
water required to produce said power ; which are found 
in the 8th and lOtb columns. 

4. The cubic feet of water, divided by the velocity, 
will eive the sum of the apertures of the gates ; which 
are shown in the 9th and 11th columns. 

5. The cubic feet of water, divided by 1,5 feet, the velo- 
city of the water in the canal, gives the area of a sec* 
tion of the canal; which is shown in the 12th and 13th 
columns. 

6. For the quantity of water, aperture of gate, and 
size of canal, for 5 feet stones, see table for undershol 
mills, in Art. 70. ' 
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Use of the Tabkfor Tub Milb. 

Having levelled your mill-seat, and found that you 
have above 8 feet fall, and plenty of water, and wishing 
to build a mill on the simplest, cheapest, and lies! con- 
struction to suit your seat, you will, of course, make 
choice of a tub mill. 

Cast off 1 foot for fall in t* e ^ail-race, below the bottom 
of the wheel, if it be subjec^ to back water, and 9 inches 
for the wheel ; then suppose you have 9 feet left for bead 
above the wheel ; look in the table against 9 feet hend, 
and you have all the calculations necessary for 4, 5^ 6, and 
7 feet stones, the quantity of water required to drive them, 
the sum of the areas of the apertures, and the areas of the 
canals. 

If you choose stones of any other size, you can easily 
proportion the parts to suit, by the rules by which the 
table is calculated. 

Let it be recollected, however, that it is a very common 
error, to build tub mills in situations where they must 
fail during a dry season. They are suited to those places 
only where water runs to waste during the whole year. 
There are hundreds of such mills in the United States 
which are useless at the season when they are most 
needed, whilst a well-constructed overshot, breast, or 
pitch-back wheel, might be kept constantly running. 
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lial direction, higher than I, the point of impact, as 
ihown in Plate IV., fig. 31, which is a breast wheel with 
12 feet perpendicular descent, 6,5 feet of which are above 
the point I., as head, and 5,5 feet below, as fall. The 
apper end of the shute that carries the water down to the 
kirheel, must project some inches above the point of the 
^te when full drawn, otherwise the water will strike 
x>wards the centre of the wheel ; and it must not project 
ou high, or else the water in the penstock will not come 
*ast enough into the shute when the head sinks a little. 
The bottom of the penstock is a little below the top end 
>f the shute, to leave room for stones and gravel to settle, 
ind prevent them from getting into the gate; 

We might lay the water on higher, by setting the top 
>f the penstock close to the wheel, and using a sliding 
rate at bottom, as shown by the dotted lines ; but this is 
lot approved of in practice. See EUicott's mode, Plate 
!CV., fig. 1. 

But if the water in the penstock be nearly as high as 
.be wheel, it may be carried over ; as shown by the up- 
yev dotted lines, and shot on backwards, making that part 
lext the wheel, the shute to guide the water into the 
vbeel, and the gate very narrow or shallow, allowing the 
vater to run over the top of it when drawn; by this 
nethod (called pitch-back) the head may be reduced to 
he same as it is for an overshot wheel; and then the 
notion of the circumference of the wheel will be equal to 
he motion of an overshot wheel, whose diameter is equal 
o the fall below the point of impact, and their powers 
I'iii be equal. 

This structure of a wheel, Plate IV., fig. 31, 1 view as 
t^ooJ one for the following reasons, namely :— 

1. The buckets, or floats, receive the percussion of the 
rater at right angles, which is the best direction possi- 
Ae. 

2. It prevents the water from flying towards the cen- 
re of the wheel without reacting against the bottom of 
he buckets, and retains it in the wheel, to act by its 
gravity in its descent, after the stroke. 

3. It admits air, and discharges the water freely, with- 
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out lifting it at bottom ; and this is an important advan- 
tage, because, if the buckets of a wheel be tight, and tbe 
wheel made a little in back-water, ihej will lift the wa* 
ter to a considerable distance as they empty; the pres- 
sure of the atmosphere then prevents the water irom 
leaving the buckets freely, and it requires a great force 
to lift them out of the water with the velocity of the 
wheel; this may be proved by dipping a common water- 
bucket into water, and lifting it out, bottom up, with 
a quick motion ; you have to lift not only the water in the 
bucket, but it appears to suck much more up after it; 
which is the effect of the pressure of tbe atmosphere. 
See Art. 56. This shows the necessity of air-holes to 
let air into the buckets, that the water may have liberty 
to escape freely. 

Its disadvantages are, 

1. It loses much water, if it be not kept closely to the 
sheeting. And, 

2. It requires too great a part of the total fall to be used 
as head, which is a loss of power, one foot fall being equal 
in power to two feet head. 

Plate IV. fig. 32, is a draught, showing the position of 
the shute for striking the water on a wheel in a tangent, 
for all the total perpendicular descents from 6 to 15 feet; 
the points of impact are numbered inside the fig. with 
the number of the total fall, for each respectively. The 
top of the shute is only about 15 inches from the wheel, 
in order to set %\w point of impact n^ )>igh ns ponsible. 
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ing table for breast mills. And, in order that the reader 
may fallj understand the principles on which it is calcu- 
lated, let him consider as follows : — 

1. That all the water above the point of impact, called 
head, acts wholly by percassion, and all below said point, 
called fall, acts wholly by gravity, (see Art. 60:) these 
form the 2d and 3d columns. 

2. That half the head, added to the whole fall, consti- 
tutes the virtual or efifectaal descent, by Art. 61 ; which 
if given in the 4th column. 

3. That if the water were permitted to descend freely 
down the circular sheeting, after it passed the point of 
impact, its velocity would be accelerated, by Art. 60, 
so as to be, at the lowest point, equal to the velocity of 
water spouting from under a head equal to the whole de- 
scent; the maximum velocity of this wheel will, conse- 
quently, be compounded of the velocity to suit the head, 
and the acceleration after it passes the point of impact. 
Therefore, to find the velocity of this wheel, I first mul- 
tiply the velocity of the head, in column 5, by ,577, (as 
for undershot mills,) which gives the velocity suitably to 
the head ; I then, (by the rule for determining the velo- 
city of overshots,) say, as the velocity of water descending 
21 feet, equal to 37,11 feet per second, is to the velocity 
of the wheel, ,10 feet per second, so is the acceleration of 
velocity, after it passes the point of impact, to the acce- 
lerated velocity of the wheel ; and these two velocities 
added, give the velocity of the wheel ; which is shown in 
the 6th columir. 

4. The velocity of the wheel per second, multiplied by 
60, and divided by the circumference of the wheel, gives 
the revolutions per minute: see 7th column. 

6. The number of cogs in the eog-wheel, multiplied by 
the number of revolutions, per minute, of the water-wheel, 
and divided by the rounds in the trundle-head, will give 
the number of revolutions of the stone per minute; and 
if we divide by the number of revolutions the stone is to 
have, it gives the rounds in the trundle, and, when frac- 
tions arise, take the nearest whole number; see columns 
8, 9, and 10. 
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6. The cubochs of power required to turn the stonei 
b^ Art 63, divided bj the virtual descent, give the cii> 
bic feet of water required per second ; column 11. 

7. The cubic feet of water, divided by the velocitv 
allowed to it in the canal, suppose 1,5 feet per second, 
give the area of a section of the canal ; column 12. 

8. If the mill is to be double geared, take the revolu- 
tions of the wheel from column 7 of this table, and look 
in column 4 of the undershot table, Art 70, for the num- 
ber of revolutions nearest to it, and against that number 
you have the gearing that will give a 5 feet stone the 
right motion. 
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adwlited ht a water-wheel fifteen ieeC, and itonee fite leel diameter : the water 
Mof ehol on the direotioo of a taofent, to the circumfBreiioe of the wheeL 
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Vie of the Tabkfar Breoit-MUli. 

Having a seat with above 6 feet falli but not enough 
for an overshot mill, and the water being scarce, so ttet 
you wish to make the best use of it, should lead you to 
the choice of a breast-railL 

Cast off ajsout 1 foot for fall in the tail-race below the 
bottom of the wheel, if much subject to back water, and 
suppose you have then 9 feet total descent ; look for 9 
feet in the first column of the table, and against it you 
have it divided into 5,9 feet head above, and 3,1 feet &U 
below, the point of impact, which is the highest point 
that the water can be fairly struck on the wheel : leaving 
the head 3 feet deep above the shute ; which is equal to 
6,5 feet virtual or effective descent ; the' velocitv of the 
water striking the wheel will be 18,99 feet; and the Te- 
locity of the wheel 12,07 feet per second ; it will revolve 
16 times in a minute ; and, if single gear^, 104 cogs and 
16 rounds, gives the stone 99,4 revolutions in a minotey 
requiring 21,29 cubic feet of water per second ; the area 
of a section of the canal must be 14,19 feet, or about 3 
feet deep, and 5 feet wide. If the stones be of any other 
size, it is easy to proportion the gearing to give them any 
reauired number of revolutions.* 

If you wish to proportion the size of the stones to the 
power of your seat, multiply the cubic ft tl i>r water your 
stream affords per second, by tha virtual descent in co* 




Six cabocbs of power are required to every superficial 
foot of the stouee. 



ARTICLE 73. 
OF OVERSHOT MILLS. 

Fig. 33, Plate IV., represents an overshot wheel ; the 
water is laid on at the top, so that the upper part of the 
sdumn will be in the direction of a tangent, with the cir- 
cumference of the wheel, bat so that all the water may 
Bftrike within the circle of the wheel. 

The gAie is drawn about 30 inches bebiud the perpen- 
dtoular line from the centre of the wheel, and the point 
at the shute ends at said perpendicular with a direction 
& little downwards, which gives the water a little velo- 
city downwards to follow the wheel ; for if it be directed 
horizontally, the head will give it no velocity downwards, 
ind if the head be great, the parabolic curve, which the 
ipouting water forms, will extend beyond the outside of 
toe circle of the wheel, and it will incline to fly over. 
See Art. 44 and 60. 

The head above the wheel acts by percussion, as on an 
undershot wheel, and we have shown, Art. 43, that the 
bead should be such as to give to the water a velocity of 
3, for 2 of the wheel. After the water strikes the wheel, 
it acts by gravity ; therefore, to calculate the power, we 
must take half the head and add it to the fall, for the vir- 
tual descent, as in breast mills. 

The velocity of overshot wheels is as the square roots 
of their diameters. See Art. 43. 

On these principles, I have calculated the following 
table for overshot wheels ; and in order that the reader 
may understand it fully, let him consider well the follow- 
ing premises : — 

1. That the velocity of the water spouting on the 
wheel must be one and a half times the velocity of th& 
wl^eel, by Art. 43: then, to find the head that will give 
said velocity, say as the square of 16,2 feet per second, 
is to 4 feet^ the head that gives that velocity, so is the 
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square of the Teiocitj reqaired, to the head that will give 
the velocity sought for ; but to this head, so found, wo^ 
must add a little, by conjecture, to overcome the friction 
of the aperture. See Art. 55. 

In this table, I have added to the heads of wheels of 
from 9 to 12 feet diameter ,1 of a foot, and from 12 to 20 
feet 1 have added one-tenth more, for every foot increase 
of diameter, and from 20 to 30 feet 1 have added ,06 
more to every foot diameter's increasei,: which ffives a 30 
feet wheel 1,5 feet additional head, while a 9 feet wheel 
has oitljT one-tenth of a foot, to overcome the frictioa. 
The reason of this great difference will appear when we 
consider that the friction increases as the aperture de- 
creases, and as the velocity increases: still this depends 
much on the form of the gate, for if that be nearly square, 
there will be but little friction ; but if very oblong, say 
24 inches by half an inch, then it will be very great 

The heads thus found, compose the 3d column. 

2. The head, added to the diameter of the wheel, makes 
the total descent, as in column 1. 

3. The velocity of the wheel per second, taken from 
the table in Art. 43, multiplied by 60, and divided by the 
circumference of the wheel, gives the number of revolo* 
tions of the wheel per minute ; as in column 4. 

4. Thesnumber of revolutions of the wheel per mi- 
nute, multiplied by the number of cogs in all the driving 
wheels successively, and that product divided by the pro- 
duct of all the leading whei'U, gives the numUer of revo- 
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7. The number of cogs in the wheel, mnltiplied by the 
qaarters of inches in the pitch, produces the circam- 
ierence of the pitch circle ; which multiplied by 7, and 
divided by 23, gives the diameter in quarters of inches, 
which reduced to feet and parts, forms columns 15. The 
reader may here at once observe how near the cog-wheel, 
in the single gear, will be to the water;- that is, how near 
it is, in' size, to the water-wheel. 



Use of the Table. 

Having with care levelled the seat on which you mean 
to build, and found, that after deducting 1 foot for fall 
below the wheel, and a sufficiency for the sinking of the 
head race, according to its length and size, and having a 
total descent remaining sufficient for an overshot wheel, 
suppose 17 feet; then, on looking in the first column of 
the table, for the descent nearest to it, we find 16,74 feet, 
and against it a wheel 14 feet diameter: head above the 
wheel 2,7 feet; revolutions of the wheel per minute 11,17; 
double gears, to give a 5 feet stone 98,7 revolutions per 
minute; single gears, to give a 6 feet stone 76,6 revolu- 
tions per minute ; the cubic feet of water required for a 
5 feet stone 7,2 feet per second, and the area of a section 
of the canal 5 feet; about 2 feet deep, and 2,5 feet wide. 

If it be determined^ to proportion the size of the stones^ 
exactly to suit the power or the seat, it may be done as 
directed in Art 63. All the rest can be proportioned by 
the rules by which the table is calculated. 
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OVERSHOT MILLS. 



CJILCDLATED FOR FIVE FEET STONES, DOUBLE GEAR, AND 
SIX FEET STONES, SINGLE GEAR. 
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Observatzofu an the Thbia. 

1. It appears that aingle gearing does not well soit this 
coDstroction ; becaaset where the water-wheels are low, 
their motion is so slow that the cog-wheels, (if made large 
enough' to give sufficient motion to the stone, without 
having the trundle too small, see Art. 23,) will touch the 
water. And again, when the water-wheels are above 20 
feet high, the cog-wheels require to be so high, in order 
to give motion to the stone without having the trundle 
too small, that they become uAwieldy; the husk also is 
too high, and the spindle so short as to be inconvenient. 
Single gearing, therefore, seems to suit overshot wheels 
only where their diameter is between 12 and 18 feet; and 
even then the water-wheel will have to run rather too 
fiist, or the trundle be too small, and the stones should be, 
at least, 6 feet in diameter. 

2. I have, in the preceding tables, supposed the water 
to pass along the canal with 1,5 feet velocity per second; 
bat being of opinion, that'l foot per second is nearer the 
proper motion, that is, about 20 yards per minute ; the 
cubic feet required per second, will, in this case, be the 
area of a section of the canal, as given in column 14 of 
this table. 

3. Although I have calculated this table for the velo- 
cities of the wheels to vary as the square roots of their 
diameters, which makes a 30 feet wheel move 11,99 feet 
per second, and a 12 feet wheel to move 7,57 feet per 
second, yet they will do to have equal velocity, and hwd, 
which is the common practice among mill-wrights. But, 
for the reasons I have mentioned in Art. 43, I prefer 
giving them the velocity and head assigned in the table, 
in order to obtain steady motion. 

4. Many have been deceived, by observing the ex- 
ceedingly slow and steady motion of some very high 
overshot wheels, working forge or furnace bellows, con- 
cluding therefrom, that they will work as i9teadily with a 
very slow, as with any quicker motion, not considering, 
perhaps, that it is the principle of the bellows that re- 
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gulates the motion of the wheel, which is different from 
any other resistance, for it soon becomes perfectly equa- 
ble ; therefore, the motion will be uniform, which is not 
the case with mills of any kind. 

5. An opinion is sometimes entertained, that water is 
not well applied b^ an overshot wheel, because, it is Mid, 
those buckets which nearly approach a line drawn per- 
pendicularly through the centre, eUher above or below, 
act on too short a lever. To correct this erroneous idM, 
I have divided the fall of the overshot wheel, fig. SB, 
Plate IV., into feet, shown by dotted lines. Now, by 
Art. 53 and. 54, every cubic foot of water on the wheel 
produces an equal quantity of power in descending each 
perpendicular foot, called a cuboch of power ; and that 
oecause where the lever is shortest, the greatest Quantity 
of water is contained within the foot perpendicular ; or, 
in other words, each cubic foot of water is a much longer 
time, and passes a greater distance, in descending a p^- 
pendicular foot, than where the lever is longest: this ex- 
actly compensates for the deficiency in the length of 
lever. See this demonstrated, Art. 54. It is true that 
the effect of the lower foot is, in practice, entirely lost, by 
the running of the water out of the buckets. 



0/ Milk moved by Reaction. 
We have now treated of the four different kinds of 
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CHAPTER V. 

ARTICLE 74. 
RULES AND CALCULATIONS. 

The fundamental principle, on which are foanded all 
rules for calculating the motion produced by a combina- 
tion of wheels, and for calculating the number of cogs to 
be put in them, to produce any motion that is required, 
has been given in Art. 20; and is as follows : — 

If the revolutions that the first moving wheel makes in 
a minute be multiplied by the number of cogs in all the 
driving wheels successively, and the product noted; and 
the revolutions of the last leading wheel be multiplied by 
the number of cogs in all the leading wheels successively, 
and the producL noted ; these products will be equal in 
all possible cases. Hence, we deduce the following sim- 
ple rules : — 

1st. For finding the motion of the mill-stone; the re- 
volutions of the water-wheel, and the cogs in the wheels, 
being given : — 

RULE. 

Multiply the revolutions of the water-wheel per mi- 
nute, by the number of cogs in all the driving wheels 
successively, and note the product; and multiply the 
number of cogs or rounds in all the leading wheels suc- 
cessively, and note the product; then divide the first 
product^ by the last, and the quotient is the number of 
revolutions of the stone per minute. 

EXAMPLE. 

Given, the revolutions of the water-wheel per 

minute, 10,4 

No. of cogs in the master cog-wheel - 787 71-:^^-^ 
No. of do. in the counter cog-wheel - 48 J ^"^®"- 
No. of rounds in the wallower - - 23 / j ^«j^-« 
No. of do. in the trundle - - - 17 ^ ^^^^^ 
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Then 10,4, the reyolotions of the water-wheel, nmlti- 
plied by 78, the cogs in the maater-wheel, and 48, the 
cogs in the counter-wheel, are equal to 38937,6 ; aiul 83 
rounds in the wallower, multiplied by 17 rounds in the 
trundle, are equal to 391, by which we divide 38937,6, 
and it gives 99,5, the revolutions of the stone per mionte ; 
which are the calculations for a 16 feet wheel, in the 
overshot table. 

2d. For finding the number of cogs to be put in the 
wheels, to produce any number of revolutions required to 
the mill-stone, or to any wheel. 

RULE. 

Take any suitable number of cogs for all the wheels, 
except one; then multiply the revolutions of the first 
movers per minute, by all the drivers, except the one 
wanting (if it be a driver,) and the revolutions of the 
wheel required, by all the leaders, and divide the grea^ 
est product by the least, and it will give the number of 
cogs required in the omitted wheel, to produce the de* 
sired revolutions. 

Note. If any of the wheels be for straps, take their di- 
ameters in inches and parts, and multiply and divide with 
them, as with the cogs. 

EXAMPLES. 

Given, the revolutions of the water-wheel 
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tion, and which serves to prove the fandamental princi- 
ple on which the roles are founded ; the first shaft being, 
also, the last of the circle. 

A is a cog-wheel of 20 cogs, and is a driver. 

B do. 24 - leader. 

C do. 24 - driver. 

D do. 80 • leader. 

E do. 26 • driver. 

F do. 30 • leader. 

G do. 36 - driver. 

H do. 20 - leaden / 

But if we trace the circle the backward waji the lead* 
era become drivers. 

I is a strap-wheel 14} inches diameter, driver. 
K do. 30 do. - leader. 

L cog-wheel 12 cogs. - driver. 

M do. 29 do. - leader. 

MOTION OP THE SHAFTS. 

The upright shaft, and first driver, AH 36 revs, in a min. 

BC 30 do. 
DE 24 do. 
FG 20 do. 
HA 3j5 do. 
M 4 do., which is 
the shaft of a hopper-boy. 

If this circle be not so formed, as to give the first and 
last shafts (which are here the same) exactly the same 
motion, one of the shafts must break as soon as they are 
pat in motion. 

The learner may exercise the rules on this circle, un- 
til he can form a similar circle of his own ; and then be 
need never be afraid to undertake to calculate any other 
combination of motion. 

I emit showing the work for finding the motion of the 
eevmal shafts in this circle, and the wheels to produce 
Mid motion ; bat leave it for the practice of the learner^ 
in the application of the foregoing rules* 



EXAMPLES. 

l8t Given, the first mover AH 36 revolutions per 
minute, and first driver A 20 cogs, leader B 24 ; requirod, 
the revolutions of shaft BC. Answer, 30 revolutions per 
minute. 

2dl7. Given, first mover 36 revolutions per minute, 
drivers 20 — 24 — 25, and leaders 24—30 — 30 ; required 
the revolutions of the last leader. Answer, 20 revolutions 
per minute. 

3dly. Given,, first mover 20 revolutions per minute, 
and first driver, strap- wheel, 14 1 inches cog-wbeel 12, 
and leader,, strap-wheel, 30 inches, cog-wheel 29; re- 
quired, the revolutions of the last leader, or last shaft. 
Answer, 4 revolutions. 

4thly. Given, first mover 36 revolutions, driver A 20, 
C 24, leader B 24, D 30 ; required the number of leader 
F, to produce 20 revolutions per minute. Answer, 30 
cogs. 

Othly. Given, first mover 36 revolutions, per minute, 
driver A 20, C 24, E 25, driver pulley 14| inches di* 
ameter, L 12, and leader B 24, D 30, F 30, M 29 ; re* 
quired the diameter, of the strap-wheel' K, to give the 
shaft 4, four revolutions per minute. Answer, 30 inches 
diameter. 

The learner, may, for exercise, work the above ques- 
tions, and every other than be can propose on the circle. 
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for finding the pitch circle ; because the sum of the dis- 
ances, from centre to centre, x)f all the cogs in a wheel, 
makes the circle too short, especialljr where the number 
)f cogs is few, because the distance is taken in straight 
iines, instead of on the circle. In a wheel of 6 cogs only, 
\he circle will be so much too short, as to give the dia- 
Qieter ^ parts of the pitch or distance of the cogs too 
ihort Hence, we deduce the following 

RULES FOR FINDING THE PITCH CIRCLE. 

Multiply the number of cogs in the |wheel, by. the 
[juarters of inches in the pitch, and that product by 7, 
wad divide by 22, and the quotient is the diameter in 
(uarters of inches, which is to be reduced to feet. 

EXAMPLE. 

Given, 84 cogs 4| inches pitch; required the diameter 
of the pitch circle. 

Then, by the rule, 84 multiplied by 18, and by 7, is 
equal to 10584; which, divided by 22, is equal to 481^ 
quarter inches, equal to 10 feet j^ inches, for the diame- 
ter of the pitch circle required. 



ARTICLE 76. 

A true and expeditious method of finding the diameter 
of the pitch circle, is to find it in measures of the pitch 
itself that you use. 

RULE. 

Multiply the number of cogs by 7, and divide by 22, 
ind you have the diameter of the pitch circle, in measures 
^f the pitch, and the 22d parts of said pitch. 

EXAMPLE.. 

Griven, 78 cogs; required the diameter of the pitch 
circle. Then, by the rule, 
16 
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7 



22)d46(24|f C Measures of the pitch for the diameter 
44 ^ of the circle reqaired. 

106 

88 
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Half of which diameter, 12^ of the pitch, is the radios, 
or half diameter, by which the circle is to be swept 

To use this rule, set a pair of compasses to the pitch, 
and screw them fast, so as not to be altered until the 
wheel is pitched; divide the pitch into 22 equal parts; 
then step 12 steps, on a straight line with the pitch com- 
passes, and 9 of these equal parts of the pitch, make the 
radius that is to describe the circle. 

To save the trouble of dividing the pitch for ererr 
wheel, the workman may mark the different pitch whicn 
he commonly uses, on the edge of his two-foot rule, (or 
make a little rule for the purpose,) and carefully divide 
them there, where they will always be ready for use. 
See Plate IV. fig. 35. 

By these rules, I have calculated the following table 
of the radii of pitch circles of the drfferent wheels com- 
monly used, from 6 to 136 cogs. 
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OFTHB 

PITCH CIRCLES OF THE COG-WHEELS. 

COMMONLY USED, 
From 6 to 136 ccfi, both in measaret of the pitch, and in leet, inchei, and parta. 
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Use of the foregoing Table. 

Suppose you are making a cog-wheel with 66co|g8; 
look for the number in the 1st or 4tb column, and against 
it, in the 2d or 5th column, you find 10, 11 ; that is, 10 
steps of the pitch (you use) in a straight line, and 11 of 
22 equal parts of said pitch added, roaKe the radius that 
is to describe the pitch circle. 

The 3d, 6th, and 7th columns, contain the radius in 
feet, inches, quarters and 22 parts of a quarter ; which 
may be made use of in roughing out timber, and fixing 
the centres that the wheels are to run in, so that ther 
may gear to the right depth ; but on account of the d^ 
ference in the parts of the same scales or rules, and the 
difficulty of setting the compasses exactly, they can never 
be true enough for the pitch circles. 

RULE COMMONLY PRACTISED. 

Divide the pitch into 11 equal parts, and take in your 
compasses 7 of those parts, and step, on a straight line, 
counting four cogs for every step, until you come up to 
the number in your wheel; if there be an odd one at 
last, take | of a step — if two be left, take | of a step«— 
if 3 be left, take | of a step, for them ; and these steps, 
added, make the radius or sweep-staff of the pitch cir- 
cle; but on account of the flininulty of makTng i u- di- 
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and, without having altered jour compasses, begin at 
point O, and step toth ways, as you did on AB, then, 
from the respectiTO points, draw the cross lines parallel 
to 0,22; and the distance from the point, where they 
cross the line AC, to the line AB, will be the radios of 
the pitch circles for the number of cogs respectively, as 
in the figure. If the number of cogs be odd, say 21, the 
radius will be between 20 and 22. 

This will also give the diameter too short, if the wheels 
have but few cogs; but where the number of cogs is 
above twenty, the error is imperceptible. 

All these rules are founded on the proportion, that, as 
22 is to 7, so is the circumference to tne diaipeter. 

ARTICLE 77. 
CONTENTS OF GARNERS, HOPPERS, &C. IN BUSHELS. 

•^ Table of English Dry Measure. 

The bushel contains 
2150,4 solid inches. 
Therefore,to measure 
the contents of any 
gamer, take the fol- 
lowing 

RULE. 

Multiply its length in inches, by its breadth in inches, 
and that product by its height in inches, and divide the 
last product by 2150,4 and it will give the bushels it 
contains. 

But, to shorten the work decimally; because 2150, 4 
solid inches, make 1,244 solid feet, multiply the length, 
breadth, and height, in feet, and decimal parts of a foot, 
by each other, and divide by 1,244, and it will give the 
contents in bushels. "^ 

EXAMPLE. 

Given, a garner 6,25 feet long, 3,5 feet wide, 10,5 
ileet high; required its contents in bushelsi Then, 6,25 

16* 
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nrultiply bj 3,5 and 10,5 is equal to 229,687; whiofa, 
divide by 1,244, gives 184 bushels and 6 tenths. 
To find the contents o( a hopper, take the following 

RULE. 

Multiply the length by the width at the top, and that 
product oy one-third of the depth, measuring to the very 
point, and divide by the contents of a bushel, either in 
inches or decimals, and the quotient will be the contents 
in bushels. 

EXAMPLE. 

Given, a hopper, 42 inches square at the top, and 24 
inches deep; required, the contents in bushels. 

Then 42 multiplied by 42, and that product by 8» is 
equal to 14112 solid inches : which, divided by 215094» 
the solid inches in a bushel, gives 6,56 bushels, or a little 
mpre than 6| bushels. 

To make a garner to hold any eiven quantity, having 
two of its sides given, pursue the following 

RULE. 

Multiply the contents of 1 bushel by the number of 
bushels the garner is to hold ; then multiply the given 
sides into each other, and divide the first by the last pro- 
duct, and the quotient will be ihe side wanted, in the 
same measure by which you have wrought in. 
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Given, the depth 24 inches ; required, the sides to hold 
5,56 bushels. 

Then 6,56 mnltiplied bj 2150,4 equal to 14107,624; 
nrhich, divided by 8, ^ives 1764, the square root of which 
is 42 inches;, which is the length of the sides of the hop- 
per wanted. 



CHAPTER VI. 

ARTICLE 78. 
OF THE DIFFERENT KINDS OF OEARS, AND FORMS OF COGS. 

In order to conceive a just idea of the most suitable 
form or shape of cogs in cog-wheels, we must consider 
that they describe, with respect to the pitch circles, a 
figure called an Epicycloid. 

And when one wheel works in cogs set in a straight 
tine, such as the carriage of a saw-mill, the cogs or rounds, 
moving out and in, form a curve called a CycloiH. 

To describe this figure, let us suppose the large circle 
in Plate V., fig. 37, to move on the straight line from O 
to A ; then the point O, in its periphery, will describe the 
arch ODA, which is called a Cycloid; and by the way in 
which the curve joins the line, we may conceive what 
should be the form of the point of the cog. 

Again, suppose the small circle to run round the large 
one; then the point o, in the small circle, will describe 
the arch b C, called an Epicycloid; by which we may 
conceive what should be the form of the point of the cogs. 
Bat in common practice, we generally let the cogs ex- 
tend but a short distance past the pitch circle; so that 
their precise form is not so important. 

ARTICLE 79. 
OF SPUR GEARS. 

The principle of spur gears, is that of two cy^nders 
rolling on each other, with their shafts or axes truly pa* 
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nllel. Here the touching parte move with equal Talc- 
city, and have, therefore, but little friction ; but to pre- 
vent these cylinders from slipping, we are obliged to in- 
dent, or to set cogs in them. 

It appears to me that, in this kind of gear, the pitoh of 
the driving wheel should be a little larger than that of 
the leading wheel, for the following reasons: — 

1. If there is to be any slipping, it will be much easier 
for the driver to slip a little past the leader, than for the 
cogs to have to force the leader a little before the driver; 
which would be very hard on them. 

2. If the cogs should bend any, by the stress of the 
work, as they assuredly do, this will cause those that are 
coming into gear to touch too soon, and rub hard at en- 
tering. 

3. It is much better for cogs to rub hard as they are 
going out of gear, than as they are coming in ; because 
then they work with the grain of the wood ; whereas, at 
entering they work against it, and would wear much 
faster. 

The advantage of this kind of gear is, that we can 
make the cogs as wide as we please, so that their bearing 
may be so large that they will not cut, but only polira 
each other, and wear smooth ; therefore, they will last a 
long time. 

Their disadvantages are. 
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Fig. 39, is a spur and face wheel, or wallower, whose 
pitch circles should always meet exactly. 

The rule for describing the sides of the co^, so as 
nearly to approach the figure of an epicycloid, is as fol- 
lows'; namely : Describe a circle a little inside of the pitch 
circle, for the point of your compasses to be set in, so as 
to describe the sides of the cogs, (as the four cogs at A, 
Plate V. fig. 38 — 39,) as near as you can to the curve of 
the epicycloid that is formed by the little wheel moving 
round the great one ; the greater the difference between 
the great and small wheels, the greater distance must 
this circle be within the pitch circle : in doin^ this pro- 
perly, much will depend upon the judgment of the work- 
man.^ 



ARTICLE 80. 
OF FACE GEARS. 



The principle of face gears, is that of two cylinders 
rolling with the side of one on the end of the other, 
their axes being at right angles. Here, the greater the 

* The fbllowiar is Mr. Charles Taylor*! rale for aaoertainiDg the troe cjdoidical 
or efMcydoidical rorm for tlie point of coft : — 

Make a segment of the pitch circle of each wheel, which gear into each other ; 
fteleo one to a plain surface, and roll the other round it as shown, Plate V. fig. 37, and, 
wHJh a point in the moveable fegment, describe the epicycluid o b c; set off at the 
md o CDcfoarth part of the pitch ibr the length of the cog outside of the pitch eirde. 
Tbea fix the comi>asses at such an opening, that with one leg thereof in a certain 
poiot (to be found by repeated trials,) the other leg will tr«ce the epicycloid firom 
\ke pitch circle to the end of the cog : preserve the set of the oompassea, and through 
\ke point where the fiied leg stood, swe«p a circle from the centre of the wheel, in 
wfaiefa set one point of the compasses to describe the point of all the eqgs of that 
vlnel whose segment waa made hH to the plane. 

If the wheeb be bevel vea/, this rule may be used to find the tme form of both the 
Mier and inner ends of toe con, especially if the cogs be long, as the epicycloid! is 
iifeeot in different circles. In making cast iron wheeb, it is absolutely nece s s ar y 
lo attend to forming the cogs in the true epicydoidical figure, without which they 
ivfll grind and wear ripidly. 

Tie same rule serves for aaoertaining the eydoidieal Ibrra of a right line of eogn^ 
sndi as thoee of a saw-miH carriage, &C., or of coga set inside of a circle or hoUow 
Where a wheel works within a wheel, the coga require a very diflbrent ahtpo. 
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bearing, and the less the diameter of the wheels, the 
greater will be the friction ; because the touching parts 
move with different velocities — therefore, the friction will 
be great. 

The advantages of this kind of gear are, 

Ist. Their cogs stand parallel to each other; there- 
fore, moving them a little out of or in gear, does not alter 
the pitch of the bearing parts of the cogs, and they will 
run smoother than spur gears, when their centres are out 
of place. 

2dly. They serve for changing the direction oi the 
shafts. 

Their disadvantages are, 

1st The small ness of the bearing, so that they wear 
out very fast.* 

2dly. Their great friction and rubbing of parts. 

The coffs for small wheels are generally round, and 
put in with round shanks. Great care should be taken 
in boring the boles for the cogs, with a machine, to direct 
the auger straight, that the distance of the cogs may be 
equal, without dressing. And all the holes of all the 
small wheels in a mill should be bored with one auser, 
and made of one pitch; then the miller may keep by him 
a quantity of cogs ready turned to a ^auge, to suit the 
auger; and when any fail, he can put in new ones, with- 
out much loss of time. 

Fig. 40, Plate V. represents a face cog-wheel working 
into a trundle : showing the necei<silv oi having tbe c^r- 
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orners too fullt and make the outer ones too scant. 
The middle of the cogs is to be left straight, or nearly so, 
rom bottom to top, and the side nearlj flat, at the dis- 
imce of half the diameter of the round, from the end, the 
somers only being worked oflf to make the ends of the 
ihape in the figure; because, when the cog comes fully 
Bto gear, as at c, the chief stress is there, and there the 
rearing should be as large as possible. The smaller the 
X)g- wheel, the larger the trundle, and the wider the cogs, 
the more will the corners require to be worked off. Sup- 
pose the cog-wheel to turn from 40 to b, the cog 40, as it 
mters, will bear on the- lower corner, unless it be suffi- 
Biently worked off; when it comes to c, it will be fully in 
^r : and if the pitch of the cog-wheel be a little larger 
than that of the trundle, the cog a will bear as it goes out, 
and let c fairly enter before it begins to bear. 

Suppose the plumb line A B to hang directly to the 
centre of the cog-wheel, the spindle is, by many mill- 
wrights, set a little before the line or centre, that the 
working round, or stave, of the trundle may be fair with 
said line, and meet the cog fairly as it comes to bear; by 
this means, also, the cogs enter with less, and go out witn 
more friction. Whether there he any real advantage in 
thus setting the spindle foot before the centre plumb line, 
does not seem to be determined. 



ARTICLE 81. 
OF BEVEL GEARS. 

The principle of bevel gears, is that of two cones roll- 
ing on the surface of each other, their vertezes meeting 
in a point, as at A, fig 41, Plato V. Here the touching 
mrfaces move with equal velocities in every part of the 
eones ; therefore, there is but little friction. These conesi 
when indented, or fluted, with teeth diverging from the 
vertex to the base, to prevent them from shpping, be- 
oome bevel gear ; and as these teeth are very small at the 
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point or vertex of the cone, they may be cut off 3 or 3 
inches from the base, as 19 and 25| at B ; they then have 
the appearance of wheels. 

To make these wheels of a suitable size for any num- 
ber of cogs you choose to have to work into one another, 
take the following 

RULE. 

Draw lines to represent your shafts, in their proper 
direction, with respect to each other, to intersect A ; then 
take from any scale of equal parts, as feet, inches, or 
quarters, as many parts as your wheels are to have cogs, 
and at that distance from the respective shafts, draw the 
dotted lines a, b, c, d, for 21 and 20 cogs; and from where 
they cross at e, draw e, A. On this line, which makes 
the right bevel, the pitch circles of the wheels will meet, 
to contain that proportion of coj^s of any pitch. 

Then, to determine the size of the wheels to suit any 
particular pitch, take from the table of pitch cir^cles, the 
radius in measures of the pitch, and apply it to the centre 
of the shaft, and the bevel line A e, taking the distance 
at right angles with the shaft; and it will show the point 
in which the pitch circles will tneet, to suit that particu- 
lar pitch. 

By the same rule, the sizes of the wheels at fi and C 
are found. 
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applied to oooraranicate motion^ instead of bevel gear, 
where the motion is to be the same, and the angle not 
more than 30 or 40 degrees. This joint may be con- 
structed bj a cross, as in the figure, or by four pins, fas- 
tened at right angles on the circumference of a hoop or 
solid ball. It may sometimes serve to communicate the 
motion, instead of two or three face wheels. The pivots, 
at the end of the cross, play in the ends of the semicircles. 
It is best to screw the semicircles to the blades, that they 
may be taken apart. 



ARTICLE 82. 
OF MATCHING WHEELS TO MAKE THE COGS WEAR EVEN. 

Great care should be taken, in matching or coupling 
the wheels of a mill, that their number of cogs be not 
such that the same cogs will often meet; because, if two 
soft ones meet often, they will both wear away faster than 
the rest, and destroy the regularity of the pitch, whereas, 
if they are continually changing, they will wear regular^ 
even if they be, at first, a little irregular. 

For finding how often wheels will revolve before the 
same cogs meet again, take the following 

RULE. 

1. Divide the cogs in the greater wheel by the cogs 
in the lesser ; and if there be no remainder, the same cogs 
will meet once every revolution of the great wheel. 

2. If there be a remainder, divide the cogs in the les- 
ser wheel by the said remainder, and if it divide them 
equally, the quotient shows how often the great wheel 
will revolve before the same cogs meet. 

3. But if it will not divide equally, then the great 
wheel will revolve as often as there are cogs ia Uie 
small wheel, and the small wheel as often as there am 
oogs in the large wheel, before the same cogs meet: 

17 
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EXAMPLE. 



Oivm, wheels of 13 and 17 cogs ; required, how ottm 
eich will revolve before the same cogs meet again. 
Then 13)17(1 
13 

4)13(3 

12 Answer. 

— Great wheel 13, and 

1 Small wheel 17 revolutions. 



ARTICLE 83. 



tHEOSY OF ROLLmO tCaHEHS AND FANS, FOR tCREEimrO Aim FAV» 
HnrO THE WHEAT IN MILLS* 

Let fi^. 42, Plate V. represent a rolling screen and 
fan, fixed for cleaning wheat in a merchant mill. DA 
the screen, AF the fan, AB the wind tube, 3 feet deep 
from a to b, and 4 inches wide, in order that the grain 
may have a good distance to fall through the wind, to 
give time and opportunity for the light parts to be car^ 
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iBf lb fix shatters sliding at the air holes, to gire more or 
less feed, or air, to the fen, so as to produce a blast suffi- 
cient to clean the grain. 

The grain enters, in a small stream, into the screen at 
D, where it passes into the inner cy lender. The screen 
consists of two cylenders of sieve wire : the inmost one 
has the meshes so open as to pass all the wheat through 
it to the outer one, retaining only the white caps, large 
garlic, and every thing larger than the grain of the wheat, 
which fells out at the tail A. 

The outer cylender is so close in the meshes, as to re- 
tain all good wheat, but to sift out the cheat, cockle, 
small wheat, garlic, and every thing less than good grains 
of wheat ; the wheat is delivered out at the tail of the 
outer cylender, which is not quite as long as the inner 
one, whence it drops into the wind tube at a ; and as it 
fells from a to b, the wind carries off every thing lighter 
than good wheat ; namely : cheat, chaff, light garlic, dust, 
and light rotten grains of wheat ; but, in order to effect 
this completely, it should fall, at least, 3 feet through the 
current of wind. 

The clean wheat falls into the funnel b, and thence 
into the garner C, over the stones. The lisht wheat, 
screenings, &c. fell into garner S, and the chaff settles 
into the chaff room c. The current slackens in passing 
over this room, and drops the chaff, but resumes its fuU 
force as soon as it is over, and carries out the dust 
through the wall at B. To prevent the current from 
slackening too much, as it passes over S and c, and un- 
der the screen, make the passages, where the grain comes 
in and goes out, as small as possible, not more than half 
an inch wide, and as long as necessary. If the wind 
escapes any where but at B, it defeats the object, and 
carries the dust into the mill. Valves may be fixed 
to shut the passages by a weight or sprinc^, so that the 
weight of the wheat, falling on them, wul open them 
jost enough to let it pass, without suffering any wind to 
escape. 

The fen is to be so set as to Mow both the weight and 
floraenings, and carry out the dust It is to be recol- 
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leoted alflo» that the wind cannot escape into the garnera 
or screen-roonit if they are tight ; for as soon as they are 
full no more can enter. 

&y careful attention to the foregoing principle, we may 
fix fans to answer our purposes. 

The principal things to be observed in fixing acreens 
and fans, are, 

1« Give the screen 1 inch to the foot fall, and between 
15 and 18 revolutions in a minute. 

2. Make the fan blow strong enough, let the winga be 
3 feet wide, 20 inches long, and revolve 140 times in a 
minute. 

3. Regulate the blast by giving more or less feed of 
wind. 

4. Leave no place for the wind to escape but at the end 
through the wall. 

5. Wherever you want it to blow hardest, there make 
the tube narrowest. 

6. Where you want the chaff and cheat to fall, there 
widen the tube sufficiently. 

7. Make the fans blow both the wheat and screenings, 
and carry the dust clear out of the mill. 

8. The wind tube may be of any length, and either 
crooked or straight, as may best suit; but no where amAUer 
than where the wheat falls. 
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Tbe caoM of their gettiDg loose it, their heating, mod 
burning the wood, or drying it| so that it shrill in the 
bands, and gives the'guageons room to work« 

To avoid these effMts, 

1. Increase the surface of contact, or rubbing parts, 
and, if possible, decrease their velocityi so much heat will 
sot then be generated. 

2. Conduct the heat away from the gudgeon as fost as 
it is generated. 

To increase the ^ur&ce of contact, without increasing 
the velocity, lengthen the neck or bearing part of the 
gudgeon. If the length be doubled, the weight will be 
sustained by a double surface, and the velocity remain 
the same, there will not then be so much heat generated: 
and, even supposing the same quantity of heat generated, 
there will be a double surface exposed to air, to convev 
it awa^, and a double quantity of matter, in which it will 
be diffused. 

To convey the heat away as fast as generated, cause a 
small quantity of water to drop slowly on tbe gudgeon. 
A small is better than a large quantity ; it should be just 
sufficient to keep up tbe evaporation, and not destroy the 
polish made by the grease, which it will do, if the quan- 
tity be too great ; and this will let the box and gudgeon 
come into contact, which will cause both to wear rapidly 
away. 

The large gudgeons, for heavy wheels, are usually, 
made of cast iron. Fig. 6. Plate XL, is a perspective 
view of one of tbe best form ; a a a a, are four wings, at 
right angles with each other, extending from side to side 
• of the shaft. These wings are larger, every way, at the 
end that is farthest in the shaft, than at the outer end, 
for convenience in casting them, and also, that the bands 
may drive on tight, one over each end of the wings. 
Fig. 4 is an end view of the shaft, with the gudgeon in 
it and a band on the end ; these bands, being put on hot, 
become very tight as they cool, and, if the shaft be dry, 
will not get loose, but will do so, if green: but, by 
driving a tew wedges along side of each wing, it can be 

17* 
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il^ fastened, by any ordinary hand, without danger of 
moving it firom tne centre. 

* One great use of these wings is, to convey away the 
heat from the ffudeeon to the bands, which are in contact 
with the air; by thus distributing it through so much 
metal, with so large a surface exposed to the air, the heat 
is carried off as fast as generated, and, therefore can never 
accumulate to a degree sufficient to born loose, as it is 
apt to do in common gudgeons of wrought iron. 

These gudgeons should be made of the best hard me- 
tal, well refined, in order that they may wear well, and 
not be sulqect to break ; but of this there is but little 
danger, if the metal be good. I propose, sometimes, to 
have wings cast separate from the neck, as represented 
in fig. 4, Plate XI.; where the inside light square shows 
a mortise for the steeled gudgeon, fig. 8, to be fitted into* 
with an iron key behind the wings, to draw the gudgeon 
tight, if ever it should work loose ; when thus made, it 
may be taken out, at any time, to repair. 

This plan would do well for step gudgeons for heavy 
upright shafts, such as those of tub-mills. 

When the neck is cast with the wing^, the square part 
in the shaft need not be larger than the light square, re- 
presenting the mortise.^ 

* Grc«sc of mnj kind, uncd with a drill, in b(n\n;r catt iron, prerenU it fr«m col- 
lini^, but will, on the contrarv, make it cut wrouj^ht iron, or atccl, much failcr. 
Thin qaalif jr in ca«t iron renJcn it most vui tabic for rodeeona, and may be fflic 
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CHAPTER VIIL 

ARTICLE 85. 

ON BUILDING MILL-DAMS, LAYING FOUNDATIONS, AND BUILDING 
MILL-WALLS. 

There arid several points to be attained, and dangers 
to be guarded against, in building mill-dams. 

1. Construct them so, that the water, in tumbling over 
them, cannot undermine their foundations at the lower 
side.* 

2. And so that heavy logs, or large pieces of ice, float- 
ing down, cannot catch against any part of them, but will 
slide easily over.f 

* Ifyoa hsTe not a foundation or solid rocks, or of stones, so hcavjr that the water 
will never move them, there should he such a foundation made with great stones, noC 
lifhter than mill-stones, (if the stream be heavy and the &II great,) well laid, as low 
and as close as possible, with their up-stream end lowest, to prevent any thing from 
eateliing under them. But if the bottom be sand or clay, make a foondatioo of the 
trunks of long trees, laid close together oo the bottom oif the creek, with their butt 
Olds down stream, as low and as close as possible, across the whole tumbling space. 
On thf se the dam may be built, either of stone or wood, leaving 12 or 15 feet below 
the breast or fall, for the water to fall upon. See fig. 3, Plate X, which is a front 
view of a log dam, showing the position of the logs ; also, of the stones in the 
abatmentr. 

t If the dam be built of timber and small stones, &c, make the breast perpen- 
dieolar, with straight logs, laid close one upon another, putting the largest, longest, 
■ad best logs on the top; make anotlier wall of logs 12 or 15 feet up-stream, laying 
them close toother, to prevent lamprey eels from working through them ; they are 
Dol to be so high as the other, by 3 fett; tie these walls together, at ever? 6 feet, 
with cross logs, with the butts down stream, dovetailed and bolted strongly to the 
logs of the lower wall, especially the upper log, which should be strongly bolted 
down to them. The spaces between tliese log wall^, are to be filled up with stones, 
gravel, Slc Choose a dry season for this work ; then the water will inn through 
the lower pirt while you build the upper part tight. 

To prevent any thing from catching against the top log, flag the top of the dam 
with broad or long stones, laying the down-stream end on the upstream side of 
the log, to extend a little above it, the other end lowest, so that the next tier of 
•tones will lap a little over the first ; still gettin^r lower, as you advance up-stream. 
This will glance logs, &&, over the dam, without their catching anihist any thing. 
If suitable stones cannot be had, I would recommend strong plank or small logs, 
laid close together, with both ends pinned to the top logs of the wall, the up.stream 
•nd being 3 feet lower than the other. But if plank is to bo used, there need only 
be a strong frame raised on the foundation logs, to support the plank or the timber 
it is pinned to. See a side view of this frame, fig. 45, Plate IV. Some plank the 
breast to the fiont posts, and fill the hollow space with stones and gravel ; but thie 
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3. Build them so that the pressure or foroe of the cur- 
rent of the water will press their parts more firmly to- 
gether.* 

4. Give them a sufficient tumbling space to yent all 
the water in time of fresbets.t 

5. Make the abutments so hiffh, that the water will 
not overflow them in time of freshets. 

6. Let the dam and mill be a sufficient distance apart; 
so that ^he dam will not raise the water on the mill, in 
time of high floods.:!: 



majr be omitted, if the fbamlaticm I<^ are ■offieientlj Umg OD-ttramm, imder IIm 
dam, to prevent the whole from floatin|^ away. First, ttooe, ana tbea gravel, Mod, 
aod cUy, art to be filled in above this ftame, eo as to ttop the water. If tha abat- 
mentfl be well secnred, the dam will ttand well. 

A plank Uid in a corrent of water, with the np.«tream end lowett, aet al an aa^lt 
of 3*2^ derreea, with the horiion or current of the water, will be held llrmi/ to M 
|Jace by the force of the current, and, in this position, it reqnirvs the freatest 9trm 
to remove it ; and the stroofer the corrent, the firmer it is held to iia plaoa ; ■thw 
points oot the best position for the breast of dams. 

* If the dam be built of stone, make it in the form of an arch or senieirda, stand- 
ing upstream, and endeavour to fix strong abutments on each side, to support the 
arch ; then, in laying the stones put the widest end up stream, and the more tbsy 
are forced down stream, the tighter they will press together. All the stanes of a 
dam should be laid with their upstream ends lowest, and the other end lapped over 
the preceding, like the shingles or tiles of a hoose, to glance every thing amoolbly 
over, as at the side 3, of fig. 3, Plate X. The breast may be boilt op wUli aiOM, 
either on a good rock or log foundation, potting the best in froot, mniog a ttllli 
up stream, and on the top lav one gooti log, and another 15 foct op<«trtam on the 
bottom, to tie the top log to, by several logs, with good butts, down-stream dov^laiM 
and bolted strongly, both at bottom and top of the top and upstream loga ; fill in 
iKtwcen them with stone and gravel, laying large stones slanting neat toe top kg, 
to glance any thing over it. This will be much better than to build all of alooe; 
l)ecaute if one at top gives way, the breach will increase rapidly, and the whole go 
down to the bottom. 
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ARTICLE 86. 



ON BUILDING MILLWALLS. 



The principal things to be considered in building mill- 
walls, are, 

1. To lay the foundations with large, good stones, so 
deep as to be out of danger of being undermined, in case 
of such an accident as the water breaking through at the 
mill.* 

2. Set the centre of gravity, or weight of the wall, on 
the centre of its foundation.f 

the extra water that is thrown into the canal, rana over at the waate left in ita banka 
lor the purpoae ; and the water haTiuff a free pawafe bj the mill, does not injure it, 
wliereas, had it been at the breast of the dam, it most hsfe gone away with the rest 
A case, similar to thia, actoallj happened in Virginia, in 1794, all the mills and dams 
oo Falliiiff Creek, in Cheaterfteld county, were carried away at once, except the 
kfwest, (Air. Wardrope*s,) whose dam, having broke, the year beibre, was feooiH a 
quarter of a mite hifher up; by which means his mill was saved. 

* If the foundation be not good, but abounding with quick-aanda, the wall cannot 
be expected to stand, unless it be made good by driTing piles until they meet the 
solid ground; on the top of these may be laid large, flat piecea of timber, for the 
walls to be built oo, they will not rot under water, when constantly excluded from 
the air. 

t It is a common practice to build walls plumb outside, and to batter them from 
the inside ; which throws their centre of gravity to one side of their base. I^ there, 
fore, it settles any, it will incline to fiUl ootwarda. Mill. walla ahoold be battered so 
much outside, as to be equal to the oflbet inside, to cause the whole weight to stand 
oo the centre of the foundation, unless it standa against a bank, as the wall next the 
wagon, in Pkte VIII. The bank is very apt to press the wall inwards, unless it 
stands battering. In this case, build the side •CJut the bank plumb, even with the 
mand, and then begin to batter it inwarda. The plumb rales ahouhl be made a 
uttle widest at the upper end, so as to give the wall the right Inclination, according 
to ito height; to do which, take a line, the length equal to the height of the wall, set 
ooe end, by a oompaas point, in the lower end or the plumb-rule, and firike the plnnb 
lioe; then move the other end joet as moeh as the wall iatobe battered in the whole 
iwiglit, and it will ahow the indinatioa of the aide of the nde, that will batter the 
wall exactly right The error of boUdlaf waUs plumb onteide, ia ftoqusotly eo«. 
mitled in building the abotmente ef bridgea; the ooneequenco is, they foil down hi a 
short time; because the earth between the waUs ia expanded a little by evety hard 
froat, which foroes the walla over. 
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3. Use good mortar, and it wUl, in timet become as 
hard as stone.* 

4. Arch over all the windows^ doors, &c. 

5. Tie them well together by the timbers of the floors. 



* Good noftar, madi of pore, wtXL burnt limattone, properly made up with einrp 
clean etoil, free from any tori of earth, loam or nod, will, in time, aetoalljr Petrify, 
nod torn to the cooaialence of a atone. It is better to pot too moeb aend into yoor 
mortar than too Utile. Workmeii ebooee their mortar rioh, beeaoae it worka plea- 
#*otfj< hot nob mortar will not etand the weather so well, nor mm •o hard ae poor 
norur, Jfit wert all lime, it woold ba?e little more atrength than day. 
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PART THE THIRD. 



CHAPTER IX. 

DCflCEIPnOH OF THE AOTHOR's IMPR0Y£1IE1IT8 HT THE MACaiKEXr 
FOR MANUFACTUBIMO GRAIN IHTO MEAL AND FLOVR. 

ARTICLE 87. 

INTRODUCTORY REMARKS. 

These improvements consist of ttie invention and ap- 
plication of the following machines, namely : — 

1. The Elevator. 

2. The Conveyer. 

3. The Hopper-boy. 

4. The Drill. 

6. The Descender. 

These five machines are variously applied, in different 
DiiUs, according to their construction, so as to perform 
every necessary movement of the grain, and meal, from 
(me part of the mill to another, or from one machine to 
another, through all the varioirs operations from the time 
the grain is emptied from the wagoner's bag, or from the 
measure on board the ship, until it be completely manu- 
fiu^ored into flour, either superfine or of other qualities, 
and separated, ready for pacKing into barrels, for sale or 
exportation. All which is performed by the force of the 
water, without the aid of manual labouri excepting to set 
the different machines in motion, Sio. This lessens the 
laboor and expense of attendance of flour mills, folly one- 
halt The whole, w applied, is r^nnented in Plate YIIL 
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ARTICLE 88. 



1. OF THE ELEVATOR. 

The elevator is aa endless strapi revolving over two 
pulleys : one of which is situated at the place whence the 
grain or meal is to be hoisted, and the other where it is 
to be delivered ; to this strap is fastened a number of 
small buckets, which fill themselves as they pass under 
the lower pulley, and empty themselves as they pass over 
the upper one. To prevent any waste of what may spill 
out or these buckets, the strap, buckets, and pulleys, are 
all enclosed, and work in tignt cases, so that what spills 
will descend to the place from whence it was hoisted. 
AB, in fig. 1. Plate VL, is an elevator for raising grain, 
which is let in at A, and discharged at B, into the spouts 
leading to the different garners. Fig. 2 is a perspective 
view of the strap, with different kinds of buckets, and the 
various modes of fastening them to the strap. 



2. OF THE CONVEYER. 



The conveyer KI, Plate VL, fig. 1, is an endless screw 
of two continued spirals, put in motion in a troogb ; the 




Chtp. 9.] THE HOPPER BOY. 205 

screw to that of a number of ploughs ; which is found to 
answer better for conveying warm meal. 

Besides these conveying flights, there are others some- 
times necessary, which are called lifters; and set with 
their broadsides foremost, to raise the meal from oiie side 
of the shaft, and let it fall on the other side to cool ; these 
are only used where the meal is hot, and the conveyor 
short ; there may be half as many of these as of the con- 
veying flights. See 21 — 22, in Plate VIII., which is a 
conveyer, carrying the meal from three pair of stones to 
the elevator, 23—24. ^ 

3. OF THE HOPPER BOY. 

Fig. 12, Plate VII., is a hopper-boy; which consists 
of a perpendicular shaft, A B having a slow motion, (not 
above 4 revolutions in a minute,) carrying round with 
it the horizontal piece CD, which is called the arm ; this, 
on the under side, is set full of small inclining boards, 
called flights, so as to gather the meal towards the centre, 
or to spread it from the centre to that part of the arm 
which passes over the bolting hopper; at this part, one 
board is set broadside foremost, as E, (called the sweeper,) 
which drives the meal before it, and drops it into the hop- 
pers HH, as the arms pass over them. The meal is gene- 
rally let fall from the elevator, at the extremitv of the 
arm, at D, where there is a sweeper, which dftves the 
meal before it, trailing it in'a circle the whole way round' 
80 as to discharge nearly the whole of its load, by the time 
it returns to be loaded again ; the flights then gather it 
towards the centre ; from every part of the circle ; which 
would not be the case, if the sweepers did not lay it 
round ; but the meal would, in this case, be gathered 
from one side only of the circle. These sweepers are 
screwed on the back of the arm, so that they may be 
raised or lowered, in order to make them discharge sooner 
or later, as may be found necessary. 

The extreme flight at each end of the ar/ns is put on 
with a screw, passing through its centre, so that they may 
be tamed to drive the meal outwards : the use of which 
is to sprMd the warm meal as^it falls from the elevator, 

IQ 
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in a ring, round the hopper-boy, while it, at the sacoe 
time gathers the cooled meal into the bolting hopper; 
80 that the cold meal may be bolted, and the warm meal 
spread to cool, by the same machine, at the same time, 
ir the miller chooses so to do. The foremost edge of the 
arm is sloped up in order to make it rise over Uie meal, 
and its weight is nearly balanced by the weight w, hung 
to one end of a cord, passing over the pulley P, and to 
the stay iron F. About 4^ feet of the lower end of the 
upright shaft is made round, passing loosely through a 
round hole in the flight arm, giving it liberty to rise and 
fall freely, to suit any quantity of meal under it. The 
flight arm is led round by the leading arm L M. there 
being a cord passed through the holes L M, at each end, 
and made fast to the flight arm D C. This cord is length- 
ened or shortened by a hitch stick N, with two holes (ot 
the cord to pass through, its end being passed through s 
hole at D, and fastened to the end of a stick ; this cord 
must reeve freely through the holes at the end of tht 
arms, in order that the ends may both be led equally. 
The flight arm falls behind the leader about 1-^th ]mrt 
of the circle. The stay iron C F E, is formed into a ring 
at F, which fits the shaft loosely, keeps the arm steady, 
and serves for hanging the hands of an equal height, by 
means of the screws C E. 

Fig. 13, Plate VII., is a perspective view of the under 
&idaal tlio tliglil arms. I'he arm a c, with Oighl^ and 
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case. See G H, plate YL, fig. 1. The grain is let in at 
Hy and discharged at G. This can sometimes be applied 
at less expense than a conveyer ; it should be set a little de- 
scending ; it will move grain or meal with ease, and will 
answer well, even when a little ascending. 

6. OF THE DESCENDER. 

The descender is a broad, endless strap of very thin 
pliant leather, canvass, flannel, &c., revolving over two 
pulleys, which turn on small pivots, in a case or trough, 
to prevent waste, one end of which is to be lower than 
the other. See E F, Plate VI. fig. 1. The grain or 
meal falls from the elevator on the upper strap, at E ; and 
by its own gravity and^ fall, set the machine in motion, 
which discharges the load over the lower pulley F. 
There are two small buckets to bring up what may spill 
or fall oflF the strap, and lodge in the bottom of the case. 

This machine moves on the principles of an overshot 
water-wheel, and will convey meal to a considerable dis- 
tance, with a small descent. Where a motion can be 
readily obtained from the water, it is to be preferred, as, 
when working by itself, it is easily stopped ; and is apt to 
be troublesome. 

The crane spout is hung on a shaft to turn on pivots 
or a pin, so that it may turn every way, like a crane ; into 
this spout the grain falls from the elevator, and it can be 
directed by it into any garner. The spout is made to fit 
close, and play iy|der a broad board, and the gpin is let 
into it through tire middle of this board, near t^ |gn ; it 



-will then always enter the spout. It is seen ^dTer B, 
Plate VI., fig. 1. L is a view of the under side w it, and 
M is a top view of it. The pin or shaft may reach down 
no low, that a man may stand on the floor and turn it by 
the handle x. 
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CHAPTER X. 

ARTICLE 89. 

APPLICATION OF THE FOREGOING MACHINES IN THE PROCESS 
OF MANUFACTURING WHEAT INTO SUPERFINE FLOUR. 

Plate VIII, is not meant to show the plan of a mill, 
but merely the application and use of the foregoing ma- 
chines. 

The grain is emptied from the wagon into the spoot I, 
which is set in the wall, and conveys it into the scale 
2, that is made to hold 10, 20, 30, or 60 bushels, at plea- 
sure. 

There should for the convenience of counting, be 
weights of 60 lbs. each divided into 30, 15, and 7| lbs.; 
then each large weight would show a bushel of wheat, 
and the smaller ones, halves, pecks, &c., which any one 
could count with ease. 

When the wheat is weighed, draw the gate at the 
bottom of the scale, and let it run into the garner 3 ; at 
the bottom of which there is a gate to let it into the ele- 
vator 4 — 5, which raises it to 5 ; the crane spoat is to 
be turned over the great store garner 6, which commu- 
nicates from floor to floorp to garner 7, over Ihe stones 8v 
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veys it into all the garners over the stones 7 — 17«— 18, 
and these regularly supply the stones 8 — 19 — ^20 keeping 
always an equal quantity in the hoppers, which will cause 
them to feed regularly ; as it is ground, the meal falls to 
the conveyer 21 — ^22, which collects it to the meal eleva- 
tor at 23, and it is raised to 24, whence it gently runs 
down the spout to the hopper-boy, at 25, which spreads 
and cools it sufficiently, and gathers it into the bolting 
hoppers, both of which it attends regularly ; as it passes 
through the superfine cloths 26, the superfine flour falls 
into the packing chest 28, which is on the second floor. 
If the flour is to be loaded on wagons, it should be packed 
on this floor, that it may conveniently be rolled into 
them ; but if the flour is to be put on board a vessel, it 
will be more convenient to pack on the lower floor, out of 
chest 29, and thence roll it into the vessel at 30. The 
shorts and bran should be kept on the second floor, that 
they may be conveyed by spouts into the vessel's hold, 
to save labour. 

The rubbings which fall from the tail of the 1st reel 
26, are guided into the head of the 2d reel 27; which is 
in the same chest, near the floor, to save both room and 
machinery. On the head of this reel* is 6 or 7 feet of 
fine cloth, for tail flour ; and next to it the middling 
atufi*, &c. 

The tail flour which falls from the tail of the 1st reel 
26, and head of the 2d reel 27, and requires to be bolted 
over again, is guided by a spout, as shown by dotted line 
21 — 22, into the conveyer 22 — 23, to be hoisted agaia 
with the ground meal; a little bran may be let in with it, 
to keep the cloth open in warm weather ; — but if there 
be not a fall sufficient for the tail flour to run into the 
lower conveyer, there may be one set to convey it into 
the elevator, as 31 — 32. There is a little regulating 
board, turning on the joint x, under the tail of the first 
reels, to guide more or less with the tail flour. 

The middlings, as they fall, are conveyed into the eye 
of either pair of mill-stones by the conveyer 31 — 32, and 
ffroond over with the wheat ; this is the best way of grind- 
ing them, because the grain keeps them from being 

18* 
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killed ; there ie no time lost in doing it, and they are re* 
galarlj mixed with the flour. There is a sliding board 
set i^nting, to guide the middlings over the convever, 
that the miller may take only such part, for grinding 
over, as he shall judge fit ; a little regulating board stands 
between the tail flour and middlings, to guide more or 
less into the stones, or elevator. 

The light grains of wheat, screenings, &c., after being 
blown by the fan 13, fall into the screenings garner, 32 ; 
the chaff is driven farther on, and settles in the chaff- 
room 33 ; the greater part of the dust will be carried out 
with the wind through the wall. For the theory of in- 
ning wheat, see Art. 83.* 

7b ekan the Screenings. 

Draw the little gate 34, and let them into the elevator 
at 4, to be elevated into garner 10 ; then draw eate 10, 
and shut 11 and 34, and let them pass through the roll- 
ing screen 12 and fan 13 ; and as they fall at 14, guide 
them down a spout (shown by dotted lines) into the ele- 
vator at 4, and elevate them into the screen-hopper 11 ; 
then draw gate 11, shut 10, and let them take the same 
course over again, and return into the garner 10, &o. as 
often as necessary ; when cleaned, guide them into the 
stones to be ground. 

The screening*^ of the screenings are now in garner M, 
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ARTICLE 90. 
OF ELEVATING GRAIN FROM SHIPS. 

If the grain come to the mill bj ships, No. 35, and 
require to be measured at the mill^ then a conveyer, 35 
—4, may be set in motion by the great cog-wheel, and 
may be under or above the lower floor, as may best suit 
the height of the floor above high water. This conveyer 
mast have a joint, as 36, in the middle, to give the end 
that lies on the side of the ship, liberty to raise and lower 
with the tide. The wheat, as measured, is poured into 
the hopper at 35, and is conveyed into the elevator at 4 ; 
which conveyer will so rub the grain as to answer the 
end of rubbing stones. And, in order to blow away the 
dust, when rubbed oflF, before it enters the elevator, part 
of the wind made by the fan 13, may be brought down 
by a spout, 13—36, and when it enters the case of the 
conveyer, it will pass each way, and blow out the dust at 
37 ajad 4. 

In some instances, a short elevator may be used, with 
the centre of the upper pulley, 38, fixed immoveably, the 
other end resting on the deck, but so much aslant as to 
give the vessel liberty to raise and lower, the elevator will 
then slide a little on the deck. The case of the lower 
strap of this elevator must be considerably crooked, to 

Erevent the points of the bucket from wearing by rub- 
ing .in their descent. The wheat, as measured, is 
poured into a hopper, which lets it in at the bottom of 
the pulley. 

But if the grain is not to be measured at the mill, then 
fix the elevator 35— -39, to take it out of the hold, and 
elevate it through any conveniently situated door. The 
upper pulley is fixed in a gate that plays up and down 
in circular rabbits, to raise and lower to suit the tide and 
depth of the hold, and to reach the wheat. 40 is a draft 
of the gate, and manner of hanging the elevator in it. 
(See particular description thereof, in the latter part of 
Article 95,) 
• This gate is hung by a stout rope, passing over a strong 
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pulley or roller 41, and theuce round the axis of the 
wheel 42, round the rim of which wheel there is a rope, 
which passes round the axis of the wheel 43, round the 
rim of which is a small rope, leading down over the pul- 
ley P, to the deck, and fastened to the cleet q ; a man, 
by pulling this rope, can hoist the whole elevator; be- 
cause, if the diameter of the axis be 1 foot, and the wheel 
4 feet, the power is increased 16 fold. The elevator is 
hoisted up, and rested against the wall, until the ship 
comes to, and is fastened steadily in the right place; then 
it is set in the hold on the top of the wheat, and the bot- 
tom being open, the buckets fill as they pass under the 
pulley ; a man holds by the cord; and lets the elevator 
settle as the wheat sinks in the hold, until the lower part 
of the case rests on the bottom of the hold, it being so 
long as to keep the buckets from touching the vessel ; by 
this time it will have hoisted 1, 2, or 300 bushels, accord- 
ing to the size of the ship and depth of the hold, at the 
rate of 300 bushels per hour. \Vhen the grain ceases 
running in of itself, the man may shovel it up, till the 
load is discharged. 

The elevator discharges the wheat into the conveyer 
at 44, which conveys it into the screen-hoppers 10 — 11, 
or into any other, from which it may descend into the 
elevator 4-^5, or into the rubbing-stones 8. 

This conveyer may serve instead of rubbing-stones, and 
the dust rulilied off thereby may be blown out ibrougb 
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ARTICLE 91. 
A MILL FOR GRINDING PARCELS. 

Here each person's parcel is to be stored in a separate 
^rner, and kept separate through the whole process of 
nanQfacturet which occasions much Jabour; almost all 
if which is performed by the machines. See Plate VI. , 
ig. 1 ; which is a view of one side of the mill, containing 
t number of garners holding parcels, and a side view of 
be wheat elevator. 

The grain is emptied into the gamer g, from the wa- 
ron, as shown in Plate VIII., and by drawing the gate 
i, it is let into the elevator A B, and elevated into the 
^rane-spout B, which being turned into the mouth of the 
purner-spout B C, which leads over the top of a number 
>f garners, and has, in its bottom, a little gate over each 
garner ; these gates and garners are all numbered with 
he same numbers respectively. 

Suppose we wish to deposite the grain in the gamer 
^o. 2, draw the gate 3 out of the bottom, and shut it in 
he spout, to stop the wheat from passing along it, pass 
he hole, so that it must all fall into the garner; and 
has proceed for the other gamers 3 4 5 6, &c. These 
^rners are all made like hoppers, about 4 inches wide 
it the floor, and nearly the length of the garner ; but as 
t passes through the next story, it is brought to the form 
^f a spout, 4 inches square, leading down to the general 
ipout K A, which leads to the elevator: in each of these 
pouts is a gate numbered with the number of its garner; 
o that when we want to grind the parcel in garner 2, we 
Iraw the gate 2 in the lower spout, to let the wheat run 
Dto the elevator at A, to be elevated into the crane-spout 
), which is to be turned over the rolling-screen, as shown 
n Plate VIII. 

Under the upper tier of garners, there is another tier 
D the next story, set so that the spouts from the bottom 
f the upper tier pass down the partitions of the lower 
ier, and the upper spouts of the lower tier pass between 
he partitions of the upper tier, to the garner-spout. 
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These garners, and the gates leading both into and out 
of them, are numbered as the others. 

If it be not convenient to fix the descending spouts B 
C, to convey the wheat from the elevator to the garners, 
and K A to convey it from the garners to the elevator 
again,, then the conveyers r s and I K may be used for 
said purposes. 

To keep the parcels separate, there should be a crane- 
spout to the meal elevator ; or any other method may be 
adopted, by which the meal of the second parcel may be 
guided to fall on another part of the floor, until the first 
parcel is all bolted, and tne chests cleared out, when the 
meal of the second parcel may be guided into the hop- 
' per-boy. 

I must here observe, that in mills for grinding parcels, 
the tail flour must be hoisted by a separate elevator to 
the hopper-boy, to be bolted over ; and ^ot run into the 
conveyer, as shown in Plate VIII ; because then the par- 
cels could not be kept separate. 

The advantage of the machinery, applied to a mill for 
grinding parcels, are very great. 

1. Because without them there is much labour in 
moving the difierent parcels from place to place: mil 
which is here done by the machinery. 

2. The meal, as it is ground, is cooled by the machi- 
nery, and bolted in so short a time, that, when the enod* 
ing is done, the bolting is, also, nearly finished. Ther|»- 



fore. 




%a^ 10.] APPLICATION OF THE MACHlNESL 215 

ARTICLE 92. 
A GRIST-BULL FOR GRINDING VERT SMALL PARCELS. 

Fig. 16, Plate VII., is a representation of a grist-mill, 
ID constructed that the grist being put into the hopper, 
t will be ground and bolted and returned into the bags 
«ain. 

The grain is emptied into the hopper at A, and as it is 
zpround it runs into the elevator at B, and is elevated and 
;et run into the bolting hopper down a broad spout at C, 
ind, as bolted, it falls into the bags at d. The chest is 
made to come to a point like a funnel, and a division made 
to separate the fine and coarse, if wanted, and a bag put 
under each part ; on the top of this division is set a regu- 
lating board on a joint, as x, by which the fine and coarse 
Dan be regulated at pleasure. 

If the bran require to be ground over, (as it often does,) 
it is made to fail into a Idox over the hopper, and by 
irawing the little gate b, it may be let into the hopper as 
icon as the grain is all ground, and as it is bolted the se- 
cond time, it is let run into the bag by shutting the gate 
b, and drawing the gate c. 

If the grain be put into the hopper F, then as it is 
^ound it falls into the drill, which draws it into the ele- 
vator at B, and it ascends as before. 
' To keep the different grists separate; — when the miller 
sees the first grist fall into the elevator, he shuts the gate 
B or d, and gives time for it all to get into the bolting 
reel; he then stops the knocking of the shoe by pulling 
ihe shoe line, which hangs over the pulleys p p, from the 
shoe to near his hand, making it fast to a peg; he then 
draws the gate B or d, and lets the second grist into the 
elevator, to fall into the shoe or bolting hopper, giving 
time for the first grist to be all in the bags, &nd the bags 
of the second grist to be put in their places; he then un- 
hitches the line from the peg, and lets the shoe knock 
again; and begins to bolt the second grist. 

If he does not choose to let the meal run immediately 
into the bags, he may have a box made with feet, to stand 
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in the place of the bags, for the meal to fall in, out of 
which It may be taken and put into the bags, as fast as 
it is bolted, and mixed as desired ; and as soon as the first 
parcel is bolted, the little gates at the mouth of the bags 
may be shut, while the meal is filled out of the box, and 
the second grist may be bolting. 

The advantages of this improvement on a grist-miU 
are, 

1. It saves the labour of hoisting, spreading, and cool- 
ing the meal, and of carrying un the bran to be ground 
over, sweeping the chest, and filling up the bags. 

2. It does all with great despatch, and little waste, 
without having to stop tne stones or boltine-reel, to keep 
the grist separate, and the bolting is finisned almost as 
soon as the grinding ; therefore, the owner will be the 
less time detained. 

The chests and spout should be made steep, to prevent 
the meal from lodging in them ; so that the miller, 1^ 
striking the bottom of the chest, will shake out all the 
meal. 

The elevator, and drill should be so made as to dean 
out at one revolution. The drill might have a brush or 
two, instead of rakes, which >vould sweep the case clean 
at a revolution ; and the shoe of the bolting hopper ahoukl 
be short and steep, so that it will clean out rapidly. 

The same machinery may be used for merchant-work, 
by having a crane-spout at C, or a small gate, to turn the 
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ARTICLE 93. 

OF ELEVATING GRAIN, SALT, OR ANY GRANULAR SUBSTANCE FROM 
SHIPS INTO STORE-HOUSES, BY THE STRENGTH OF A HORSE. 

Plate VII., fig. 17, represents the elevator, and the 
maDner of giving it motion ; the horse is hitched to the 
end of the sweep- beam A, by which he turns the upright 
shaft, on the top of which is the driving cog-wheel of 96 
cogs 2| inches pitch, to gear into the leading wheel of 20 
cogs, on the same shaft with which is another driving 
wheel of 40 cogs, to gear into another leading wheel of 
19 cogSy which is on the same shaft with the elevator 
pulley ; then, if the horse make about 3 revolutions in a 
minute (which he will do if he walk in a circle of 20 feet 
diameter) the elevator pulley will make about 30 revolu- 
tions in a minute; and if the pulley be 2 feet in diameter, 
and a bucket be put on every foot of the strap, to hold a 
quart each, the elevator will hoist about 187 quarts per 
minute, or 320 bushels in an hour, 3840 bushels in 12 
hours; and for every foot the elevator is high, the horse 
will have to sustain the weight of a quart of wheat, say 
48 feet, which is the heighth of the highest store-houses, 
then the horse would have to move 1| bushels of wheat 
upwards, with a velocity equal to his own walk ; which, 
I presume, he can do with ease, and overcome the friction 
of the machinery: From this will appear the great ad- 
vantages of this application. 

The lower end of the elevator should stand near the 
side of the ship, and the grain, salt, &c., be emptied into 
a hopper; the upper end may pass through a door or 
window, as may be most convenient; the lower case 
should be a little crooked to prevent the buckets from 
rubbing in their descent. 
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ARTICLE 94. 

OF AN ELEVATOR APPLIED TO ELEVATE GRAIN, &C., 
WROUGHT BY A MAN. 

In Plate VII., H^. 18, A B, are two ratchet wheels, 
with two deep grooves in each of them, for ropes to run 
in ; they are fixed close together, on the same shaft with 
the upper pulley of the elevator, so that they will turn 
easily on the shaft the backward way, whilst a click falls 
into the ratchet, and prevents them from turning for- 
wards. Fiff. 19 is a side view of the wheel, ratchet, and 
click. C U are two levers, like weavers* treadles, and 
from lever C there is a light staff passes to the foreside of 
the groove wheel B, and is made Aist by a rope half way 
round the wheel ; and from said lever C there is a rope 
passing to the backside of the wheel A ; and from lever 
D there is a light staff passing to the foreside of the 
groove wheel A, and a rope to the backside of the groove 
wheel B. 

The man who is to work this machine stands on the 
treadles, and holds by the staff with his hands; and as 
he treads on D it descends, and the staff pulls the wheel 
A forward, and the rope pulls the wheel B backward, 
and as he ireads on C, the staff pulls forward the wheel 
B, and the rope pulls backward the wheel A: but the 
click falls into the ratchet, so tliat the wheels cannct 
move forward without tiirtiirtf^ tht^ (h^vntor T>nllfv: it !» 
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the experiment in the table, in Art. 37, when 7 lbs. were 
charged with 6 lbs. they moved with the velocity of 2 
feet in half a second,} then there will remain 100 lbs. 
raised 70 feet in a minute, equal to 200 lbs. raised 35 feet, 
to the top of the third story, per minute, equal to 200 
bushels per hour, 2400 bushels in twelve hours. 

The great advantages of this application of the elevator, 
and of this mode of applying man's strength, will appear 
from these considerations ; namely : he uses the strength 
of both his legs and arms, to move his weight only from 
one treadle to the other, which weight does the work; 
whereas, in carrying bags on his back, he uses the strength 
of his legs only, to raise both the weight of .his body and 
the burden ; add to this, that he generally takes a very 
circuitous route to the place where he is to empty the 
bag, and returns empty ; whereas, the elevator takes the 
shortest direction to the place of emptying, and is always 
steadily at work. 

The man must sit on a high bench, as a weaver does, 
CD which he can res>t part of his weight, and rest himself 
occasionally, when the machine moves lightly, and have 
a beam above, that he may push his head against, to over- 
come extraordinary resistances. This is probably the best 
means of applying man's strength to produce rotary 
motion. 

DESCRIPTION OF PLATE IX. 

The grain is emptied into the spout A, by which it 
descends into the garner B ; whence, by drawing the gate 
at C, it passes into the elevator C D, which raises it to D, 
and empties it into the crane spout E, which is so fixed 
OD gudgeons that it may be turned to any of the surround- 
ing garners; into the screen hopper F, for instance, (which 
has two parts, F and G,) out of which it is let into the 
rolling screen at H, by drawing the small gate a. It passes 
through the fan I, and falls into the little sliding-hopper 
K, which may be moved, so as to guide it into either of 
the hanging garners, over the stones, L or M, and it is 
let into the stone-hoppers by the little bags b b, as fast 
as it can be ground. When ground, it falls into the con- 
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vejer N N^ which carries it into the elevator at O O^tbis 
raises and empties it into the hopper boy at P, which is 
so constructed as to carry it round in a ring, gathering it 
ffraduallj towards the centre, till it sweeps into the bolting 
hoppers Q Q. 

The tail flour as it falls, is guided into the elevator to 
ascend with the meal, and that a proper quantity may be 
elevated, there is a regulating board R, set under the 
superfine cloths, on a joint x, so that it will turn towards 
the head or tail of the reel, and send more or less into the 
elevator, as may be required. 

There may be a piece of coarse cloth, or wire, put on 
the tails of the superfine teels, that will let all pass through 
except the bran which falls out at the tail, and a part of 
which is guided into the elevator with the tail flour, to 
assist the bolting in warm weather; the quantity is regu- 
lated by a small board r, set on a joint under the ends of 
the reels. Beans may be used to keep the cloths open, 
and still be returned into the elevator to ascend asain. 
What passes through the coarse cloth or wire, and the 
remainder of the bran, are guided into the reel S, to be 
bolted. 

To Clean wheat several times. 

Suppose the grain to be in the screen hopper E ; draw 
the gate a ; shut the gate e ; move the sliding hopper K^ 
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Fig. II. is a perspective view of the conveyer, as it lies 
in it< troughs, at work ; and shows the manner in which 
it is joined to the pulleys, at each side of the elevator. 

Fig. III. exhibits a view of the pulley of the meal ele- 
vator, as it is supported on each side, with the strap and 
buckets descending to be filled. 

Fig. IV. is a perspective view of the under side of the 
arms of the hopper-boy, with flights complete. The 
dotted line shows the track of the flights of one arm ; 
those of the other following, and tracking between them. 
A A are the sweepers. These carry the meal round in 
a ring, trailing it regularly all the way, the flights draw- 
ing it to the centre, as already mentioned. B B are the 
sweepers that drive it into the bolting hoppers. 

Fig. V. is a perspective view of the bucket of the wheat 
elevator; and shows the manner in which it is fastened, 
by a broad piece of leather, which passes through and 
under the elevator-strap, and is nailed to the sides with 
little tacks. 



CHAPTER XI. 

OF THE CONSTRUCTION OF THE SEVERAL MACHINES. 

ARTICLE 95. 
OF THE WHEAT ELEVATOR. 

To construct a wheat elevator, first determine how 
many bushels it should hoist in an hour, and where it 
shall be set, so as, if possible, to answer all the following 
purposes : — 

1. To elevate the grain from a wagon or ship. 

2. From the different garners into which it may be 
stored. 

3. If it be a two-story mill, to hoist the wheat from 
the tail of the fan, as it is cleaned, to a garner over the 
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4. To hoist the screeniDgs, to clean them several times. 

5. To hoist the wheat from a shelling-mill, if there be 
one. 

One elevator may effect all these objects in a mill 
rightly planned, and most of them can be accomplished 
in mills ready built. 

Suppose it be wished to hoist about 300 bushels in an 
hour, make the strap 4^ inches wide, of good, strong, 
white harness leather, in one thickness. It must be cot 
and joined together in a straight line, with the thickest, 
and, consequently, the thinnest ends together, so that if 
they be too thin, they may be lapped over and doubled, 
until they are thick enough singly. Then, to make 
wooden buckets, take the butt of a willow or water birch, 
that will split freely; cut it in bolts, 15 inches long, and 
rive and shave it into staves, 5| inches wide, and three- 
eighths of an inch thick; these will make one bucket, each. 
Set a pair of compasses to the width of the strap, and 
make the sides and middle of the bucket equal thereto at 
the mouth, but let the sides be only two-thirds of that 
width at the bottom, which will make it of the form of 
fig. 9, Plate VI.; the ends being cut a little circular, to 
make the buckets lie more closely to the strap and wheel, 
as it passes over. Make a pattern of the form of fig. 9, 
by which to describe all the rest. This makes a bucket 
of a neat form, to hold about 75 solid inches, or somewhat 
more than a quart. To make them bend to a square at 
the corners e c, cut a milre square across whert 
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about a quarter of an inch from each edge, and pat one 
end of the binding-strap through the slits, draw the 
bucket very closely to the strap, and nail it on the other 
side of the bucket, which will nnish it. See B hi fig. 2 ; 
Plate VI. C is a meal-bucket fastened in the same roan- 
ner^ but is bottomed only with leather at the lower end, 
the main strap making the bottom side of it. This is the 
best way I have yet discovered, to make wooden, buckets. 
The straps of the harness leather, out of which the ele- 
Tator-straps are cut, are generally about enough to com- 
plete the buckets. 

To make Slieet-Iron Buckets. 

Cut the sheet in the form of fig. 8, Plate VI., making 
the middle part c, and the sides, a and b, nearly equal to 
the width of the strap, and nearly 5^ inches long, as be- 
fore. Bend them to a right angle at every dotted line, 
and the bucket will be formed :— c will be the bottom 
side next to the slrap ; and the little holes a a and b b 
will meet, and must be riveted to hold it together. The 
two holes c are for fastening it to the straps by rivets. 
The part a b is the part that dips up the wheat, and the 
point, being doubled back, strengthens it, and tends to 
make it wear well. The bucket being completely 
formed, and the rivet holes made, spread one out again, 
as fig. 8, to describe all the rest by, and to mark for the 
holes, which will meet again when ifolded up. They are 
fastened to the strap by two rivets with thin heads put 
inside the bucket, and a double burr of sheet-iron put on 
the under side of the strap, which fastens them on very 
tightly. See A, fig. 2, Plate VI. These buckets will 
hold about 1,3 quarts, or 88 cubic inches. This is the 
best way I have found to make sheet-iron buckets. D is 
a meal-bucket of sheet-inon, riveted on by two rivets, 
with their heads inside the strap; the sides of the buckets 
are turned a little out, and holes made in them, for the 
rivets to pass through. Fig. 11, is the form of one spread 
out, and the dotted lines show where they are to be bent 
at right angles to form them. The strap forms the bot- 
tom side of these buckets. 
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Make the pulleys 24 inches in diameter, as thick at 
the strap is wide, and half an inch higher in the middle 
than at the sides, to make the strap keep on ; give them 
a motion^of 25 revolutions in a minute, and put on a sheet* 
iron bucket for every 15 inches ; then 125 buckets will 
pass {)er minute, which will carry 162 quarts, and hoist 
300 bushels in an hour, and 3600 bushels in 12 hours. 
If you wish to hoist faster, make the strap wider, the 
buckets larger in proportion, and increase the velocity 
of the pulley, but not to above 35 revolutions in a minute, 
nor place more buckets than one for every 12 incheSi 
otherwise they will not empty well. A strap of 5 inches, 
with buckets 6 inches long, and of a width and propor- 
tion suiting the strap, (4.J inches wide,) will hold 1,8 
quarts each ; and 35 revolutions of the pulley will pass 
175 buckets, which will carry 315 quarts in a minute, 
and 590 bushels in an hour. If the strap be 4 incbei 
wide; and the wooden buckets 5 inches deep, and in 
proportion to the strap, they will hold ,8 of a quart : theB» 
if there be one for every 15 inches, and the pulley makes 
27 revolutions, in a minute, it will hoist 200 bushels in 
an hour. Where there is a good garner to empty the 
wheat into, this is the size they are commonly made, and 
is sufficient for unloading wagons 

Plate VI., Fig. 6, represents the gudgeon of the lower 
pulley fig. 7, the gudgeon for the shaft on which the 

[ncest but not firnily, no thint a line, tttretclied from one 



place 
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at the upper edge, holding the saw very much aslant, 
the point downwards and inwards, so that in bending, the 
parts will slip past each other. The upper case must be 
nearly straight; for if it be made much crooked, the 
buckets will incline to turn under the strap. Make the 
cases 3-4ths of an inch wider inside, than the strap and 
buckets, and 1 J inches deeper, that they may play freely; 
but do not give them room to turn upside down. If 
the strap and buckets be 4 inches, then make the side 
boards 5^, and the top and bottom boards 6| inches wide, 
of inch boards. Be careful that no shoulders nor nail- 
points t>e left inside of the cases, for the buckets to catch 
m. Make the ends of each case, where the buckets en- 
ter as they pass over the pulleys, a little wider than the 
rest of the case. Both the pulleys are to be nicely cased 
round to prevent ;waste, not leaving room for a grain to 
escape, continuing the case of the same width round the 
top oTthe upper, and bottom of the lower pulley ; then if 
any of the buckets should ever get loose, and stand askew, 
they will be kept right by the case ; whereas, if there 
were any ends of boards or shoulders, they would catch 
against them. See A B, fig. 1, Plate VI. The bottom 
01 the case of the upper pulley must be descending, so 
that what grain may lall out of the buckets in passing 
over the pulleys, may be guided into the descending 
case. The shaft passing through this pulley is made 
round where the case fits to it : half circles are cut out 
of two boards, so that they meet and embrace closely. 
The undermost board, where it meets the shaft, is ci- 
phered off inside next the pulley, to guide the grain in- 
ward. But it is full as good a way to have a strong 
gudgeon to pass through the upper pulley, with a tenon 
at one end, to enter a socket, which may be in the shaft, 
that is to give it motion. This will suit best where the 
abaft is short, and has to be moved to put the elevator 
out of, and into gear. 

The way that I have generally cased the pulleys is as 
follows, namely : the top board of the upper strap-case 
and the bottom board of the lower strap-case, are ex- 
tended past the lower pulley to rest on the floor ; and the 
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lower ends of these boards are made two inches narrower, 
as far as the pulley-case extends ; the side board of the 
pulley is nailed, or rather screwed, to them, with wooden 
screws. The rest of the case boards join to the top of the 
pulley-case, both being of one width. The block, with 
the gudgeons of this pulley run in, is screwed fast to the 
outside of the case boards ; the gudgeons do not pass quite 
through, but reach to the bottom of the hole, which keeps 
the pulley in its place. 

The top and bottom boards, and, also, the side boards 
of the strap-cases, are extended past the upper pulley, 
and the side boards of the pulley-case are screwed to 
them ; but this leaves a vacancy between the top of the 
side boards of the strap-cases, and shoulders for the buck* 
ets to catch against, and this vacancy is to be filled up 
by a short board, guiding the buckets safely over the up- 
per pulley. The case must be as close to the points of 
the buckets, where they empty, as is safe, that as little 
as possible may fall down again. There is to be a loog 
hole cut into the case at B, for the wheat to fall out at, 
and a short spout guiding it into the crane spout. The 
top of the short spout next B, should be loosely fastened 
in with a button, that it may be taken off, to examine if 
the buckets empty well, &c. Some neat workmen have 
a much better way of casing the pulleys, which is not 
easily described ; what I have described is the cheapest, 
and answers very well. 

The wheat shotild bo let in at the bottom, to meet thi 
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bindmost side of the pulley than the buckets will carry it, 
the same evil will occur ; because the buckets will push 
the wheat before them, being more than they can nold, 
and give room for too much to come in ; therefore, there 
should be a relief gate at the bottom ; to let the wheat out, 
should too much happen to get in. 

The motion is to be given to the upper pulley of all 
elevators, if it can be done, because the weight in the 
buckets causes the strap to hang tightly on the upper, 
and slackly on the lower pulley ; therefore, the upper 
pulley will carry the greatest quantity without slipping. 
All elevators should stand a little slanting, because they 
will discharge the better. The boards for the cases 
should be of unequal lengths, so that two joints may ne- 
ver come close together ; this greatly strengthens the 
case. Some have joined the cases at every floor, which 
is a great error. There must be a door in the ascending 
case, at the place most convenient for buckling the strap, 
&c. &c. 

Of the Crane Spout. 

To make a crane spout, fix a board 18 or 20 inches 
broad truly horizontal, or level, as a, under B, fig. 1, 
Plate VI. Through the middle of thi^ board the wheat 
is conveyed, by a short spout, from the elevator. Then 
make the spout of 4 boards, 12 inches wide at the upper, 
and about 4 or 6 inches at the lower end. Cut the up- 
per end off aslant, so as to fit nicely to the bottom of the 
Doard ; hang it to a strong pin, passing through the broad 
board near the hole through which the wheat passes, so 
that the spout may be turned in any direction, and still 
cover the hole, at the same time it is receiving the wheat, 
and guiding it into any garner, at pleasure. In order 
that the pin may have a strong hold of the board and 
spout, there must be a piece of scantling, 4 inches thick, 
Bailed on the top of the lK)ard, for the pin to pass through ; 
and another to the bottom, for the head of the pin to rest 
on. But if the spout be long and heavy, it is best to 
hang it on a shaft, that, may extend down to the floor, or 
below the collar-beams, with a pin through it, as x, to 
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turn the spout by. In crane sponts for meal, it is i 
times best to let the lower board reach to, and rest on tte 
floor. If the elevator-cases and crane spoot be well filed, 
there can neither grain nor roeal escape, or be wasted, 
that enters the elevator, until it comes out at the end of 
the crane-spout again. 

Of an Elevator to elevate Wheat from a Ship's Hold.* 

Make the elevator complete (as it appears 35—39, 
Plate VIII.) on the ground, and raise it to its place after- 
wards. The pulleys are to be both fixed in their places 
and cased ; and the blocks that the gudgeon of the upper 
pulley is to run in, are to be riveted fast to the case-boards 
of the pulley, and these case boards screwed to the straps 
cases by long screws, reaching through the case-beards 
edgeways. Both sides of the pulley-case are fastened by 
one set of screws. On the outside of these blocks, round 
the centre of the gudgeons, are circular knobs, 6 inches 
diameter, and 3 inches long, strongly riveted to keep them 
from splitting off, because, by these knobs the whole 
weight of the elevator is to hang. In the moveable frame 
40, o 0, o o, are these blocks with their knobs, which are 
let into the pieces of the frame B C r s. The gudgeons 
of the upper pulley p pass through these knobs and play 
in them. Their use is to bear the weight of the elevator 
that hangs by them ; the gudgtsous, Uy iuii» Uit«4u», U^ 
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p. 41. These circles are to be described with a radius, 
whose length is from the centre of the joint gudgeons 6, 
to the centre of the pulley 39 ; and the post must be set. 
up, so that the centre of the circle will be the centre of 
the gudgeon G; then the gears will be always right, al- 
though the elevator rises and falls to suit the ship or tide. 
The top of those circular rabbets ought to be so fixed, 
that the lower end of the elevator may hang near the 
wall. This may be regulated by fixing the centre of the 
gudgeon G. The length of these rabbets is regulated by 
the distance the vessel is to rise and fall, to allow theele- 
TEtor to swing clear of the vessel when light, at high wa- 
ter. The best war to make the circular rabbets is, to 
dress two pieces of 2 inch plank for each rabbet, of the 
right circle, and to pin them to the posts, at such a dis- 
tance, leaving the rabbet between them. 

When the gate and elevator are completed, and tried 
together, the gate hung in its rabbets, and played up and 
down, then the elevator may be raised by the same power 
that is to raise and lower it, as described, Art. 94. 



ARTICLE 96. 
OF THE MEAL ELEVATOR. 

Little need be said of the manner of constructing the 
meal elevator, after what has been said in Art. 90, ex- 
cept giving the dimensions. Make the pulleys 3^ inches 
thick, and 18 inches diameter. Give them no more than 
20 revolutions in a minute. Make the strap 3^ inches 
wide, of good, pliant, white harness leather; niake buck- 
ets either of wood or sheet-iron, to hold about half a pint 
each ; put one for every foot of the strap ; make the cases 
tight, especially round the upper pulley, slanting much 
mt bottom, so that the meal which falls out of the buckets 
may be guided into the descending case. Let it lean a 
little, that it may discharge the bet.ter. The spout that 
oonTeys the meal from the elevator to the hopper-boy, 
should not have much more than 45 d^rees descent. 
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that the meal may run easily down* and not cause a dust; 
fix it so that the meal will spread thinly over its bottom 
in its descent, and it will cool the better. Ck)ver the top 
of the spout half way down, and hane a thin, light cloth, 
at the end of this cover, to check all the dust that may 
rise, by the fall of the meal from the buckets. Remem- 
ber to take a large cipher off the inside of the board, 
where it fits to the undermost side of the shaft of the up- 
per pulley: the meal will otherwise work out along, toe 
shaft. Make all tight, as directed, and it will effectually 
prevent waste. 

In letting meal into an elevator, it must be let in some 
distance alx>ve the centre of the pulley, that it may fall 
clear from the spout that conveys it in ; otherwise, it will 
clog and choke. Fig. 4, Plate VL, is the double socket 

fudgeon of the lower pulley, to which the conveyer joins. 
Ig. 3, a b d, is a top view of the case that the pulley 
runs in, which is constructed thus ; a b is a strong plank, 
14 by 3 inches, stepped in the sill, dove-tailed and keyed 
in the meal-beam, and is called the main bearer. In 
this, at the determined height, are framed, the gudgeon 
bearers a c b d, which are planks 15 by li inches, set 7| 
inches apart, the pulley running between, and resting on 
them. The end piece c d, 7 inches wide and two thick, 
is set in the direction of the strap case, and extends 5 
inches above the top of the pulley ; to this the bearers 
are nailed. On the top of the bearers, above the gud* 
geons, are set two other planks, Hi by Ij inchi's, rab- 
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into the inside of the top of the end piece c d. The bot- 
tom of the ascending case is to be supported steadily to 
its place, and the board at the bottom must be ciphered 
off at the inside, with long and large ciphers, making 
them at the point, only J of an inch thick ; this is to make 
the bottom of the case wide for the buckets to enter, if 
any of them should be a little askew ; the pulley-6ase is| 
wider than the strapcases, to give room for the meal from 
the conveyer to fall into the buckets; and, in order to 
keep the passage open, there is a piece 3 inches wide, * 
and 1| inches thick, put on each side of the pulley, to 
stand at right angles with each other, extending 3| inches 
at each end, pass the pulley ; these are ciphered off so as 
to clear the strap, and draw the meal under the buckets: 
they are called bangers. 



ARTICLE 97. 
OF THE MEAL CONVEYER. 

Fig. 3, Plate VI., is a conveyer joined to the pulley of 
the elevator. (See it described. Art. 88.) Fig. 4 is the 
gudgeon that is put through the lower pulley, to which 
the conveyer is joined by a socket, as represented. Fig. 
5 is a view of the said socket and the band, as it ap- 
pears on the end of the shaft. The tenon of the gudgeon 
18 square, that the socket may fit it every way alike. 
Make the shaft 5i inches diameter, of eight equal sides, 
and put on the socket and the gudgeon ; then, to lay it out 
for the flights, begin at the pulley, mark as near the end 
u possible, on the one side, and turning the shaft 
the way it is to work, at the distance of 1^ inches to- 
wnds the other end, set a flight on the next side, and 
thus go on to mark for a flight on every side, still ad- 
rancing l\ inches to the other end, which will form the 
lotted spiral line, which would drive the meal the wrong 
W9J ] but the flights are to be set across this spiral line, 
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at an angle of about 30 degrees, with a line square across 
the shaft; and then they will drive the meal the right 
way> the flights operating like ploughs. 

To make the flights, take good maple, or other smooth 
hard wood ; saw it into six inch lengths, split it always 
from the sap to the heart; make pieces 2{ inches wide, 
and I of an inch thick ; plane them smooth on one side, 
and make a pattern to describe them by, and make a tenon 
2^ inches long, to suit a | inch auger. When they are 
perfectly dry, having the shaft bored, and the inclination 
of the flights marked by a scribe, drive them in and cut 
them off 2| inches from the shaft; dress them with their 
foremost edge sharp, taking all off from the back side, 
leaving the face smooth and straight, to push forward the 
meal; make their ends nearly circular. If the conveyer 
be short, put in lifting flights, with their broad side fore- 
most, half the number of the others, between the spires 
of them ; they cool the meal by lifting and letting it M 
over the shaft. 

To make the trough for it to run in, take 3 boards, the 
bottom one 11, back 15, and front 13 inches. Fix the 
block for the gudgeon to run in at one end, and fill the 
corners of the elects, to make the bottom nearly circolar, 
that but little meal may lie in it ; join it neatly to tfte 
pulley-case, resting the bottom on the bottom of the hole 
cut for the meal to enter, and the other end on a sop 
porter, that it can be removed and put to its place agaia 
with ease, without stopping the elevator. 
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into the hopper, which answers very well ; bat where 
there is room m hopper-boy is preferable. 



ARTICLE 98. 
OF A GRAIN CONVEYER. 

This machine has been constructed in a variety of 
ways; the following appears to be the best, namely: 
First, make a round shaft, 9 inches diameter ; and then, 
to make the spire, take strong sheet-iron, make a pattern 
3 inches broad, and of the true arch of a circle ; the di- 
ameter of which (being the inside of the pattern) is to be 
12 inches ; this will give it room to stretch along a 9 inch 
shaft, so as to make a rapid spiral, that will advance 
about 21 inches along the shaft every revolution. By 
this pattern cut the sheet-iron into circular pieces, aAd 
join the ends together by riveting and lapping them, so 
as to let the grain run freely over the joints; when they 
are joined together they will form several circles, one 
above the other, slip it on the shaft, and stretch it along 
at far as you can, till it comes tight to the shaft, and fas- 
ten it to its place by pins» set in the shaft at the back side 
of the spire, and nail it to the pins : it will now form a 
beautiful spiral, with returns 21 inches apart, which dis- 
tanoe is too great ; there should, therefore, be two or three 
rf these spirals made; and wound into each other, and all 
put on together, because, if one be put on first, the 
others bannot be got on so well afterwards ; if there be 
three, they will then be 7 inches apart, and will convey 
wheat very fast. If these spirals be punched full of 
holes like a grater, and the trough be lined with sheet- 
iron, punched full of small holes, it will become an ex- 
cellent rubber ; will clean the wheat of the dust down, 
Uiat adhere to it^ and supersede the necessity of any other 
robbing machine. 

The spirals may also be formed with either wooden or 

of\m 
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iron flights, set so near to each other in the spiral linai, 
as to convey the wheat from one to another. 



ARTICLE 99. 
OF THE HOPPER-BOY. 

This machine^ also, has appeared under varions con- 
strocttons, the best of which is represented by fig. IS, 
Plate VII.— (See the description Art. 88.) 

To make the flight-arms C D, take a piece of dry pop- 
lar, or other soft scantling 14 feet long, 8 by a| incnes m 
the middle^ 5 by 1 i inches at the end, and straight at the 
bottom ; on this strike the middle line a b, fig. 13. Con- 
sider which way it is to revolve, and cipher o([ the nnder 
side of the foremost edge from the middle line, leanng 
the edge | of an inch thick, as appears by the shaded part. 
Theni to lay out the flights, take the following 

RULE. 

Set your compasses at 4i inches distance, and, begift- 
ninff with one foot in the centre o, step towards the end 
b, observing to lessen the distance one-sixteenth part of 

aa HicU every step; tiiis will set iho liighUi closer U 
ther at the enej than at the cetitfe. Then, to set 
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clination is greater near the centre than at the end, and 
Taries regularly. Dove-tail the flights into the arm, ob- 
serving to put the side that is to drive the meal, to the 
line of inclination. The bottoms of them should not ex- 
tend past the middle line, the ends being all rounded and 
dressed off at the back side, to make the point sharp, 
leaving the driving side quite straight, like the flight r. 
(See them complete in the end c a.) The sweepers 
should be 5 or 6 inches long, screwed on behind the 
flights, at the back side of the arms, one at each end of 
the arm, and one at the part that passes over the hopper: 
their use is described in Art. 88. 

The upright shaft should be 4 by 4 inches, and made 
round for about 4^ feet at the lower end, to pass lightly 
through the centre of the arm. To keep the arm steady, 
there is a stay-iron 15 inches high, its legs i inch by |, 
to stride 2 feet. The ring at the top should fit the shaft 
neatly, and be smooth and rounded inside, that it may 
aUde easily up and down; by this the arm hangs to the 
rope that passes over a pulley at the top of the shaft, 8 
inches diameter, with a deep grove for the rope or cord 
to run in. Make the leading arm 6 by 1| inches in the 
middle, 2 by 1 inch at the end, and 8 feet long. This 
arm must be braced to the cog-wheel above, to keep it 
from splitting the shaft by an extra stress. 

The weight of the balance w, must be so nearly equal 
to the weight of the arm, that when H is raised to the top 
it will descend quietly^ 

In the bottom of the upright shaft is the step gudgeon 
(fig. 15,) which passes through the square plate 4 by 4 
inches (fig. 14;) on this plate the arm rests, before the 
flints touch the floor. The ring on the lower end of the 
shaft is less than the shaft, that it may pass through th^ 
arm : this gudgeon comes out, every time the shaft is 
taken out of the arm. 

If the machine is to attend but one bolting-hopper, it 
need not be above 12 or 13 feet long. Set the upright 
shaft close to the hopper, and the flights all gather as 
the end c b, fig. 13. But, if it is to attend, for the grind- 
ing of two }>air of stones, and two hoppers, make it 15 
feet long, and set it between them a little to one side of 
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both, 80 that the two ends may not both be over the hop- 
pers at the same time, which would make it run unstea- 
dily ; then the flights between the hoppers and the cen- 
tre must drive the meal outwards to (he sweepers, at the 
end a, fig. 13. 

If it be to attend two hoppers, and cannot be set be- 
tween them for want of room, then set the shaft near to 
one of them ; make the flights so that they will all gather 
to the centre, and put sweepers over the outer hopper, 
which will be first supplied, and the surplus carried to 
the other. The machine will regulate itself to attend 
both, although one should feed three times as fast aa the 
other. 

If it be to attend three hoppers, set the shaft near the 
middle one, and put sweepers to fill the other two, tbo 
surplus will come to the centre one, and it will regulate 
to feed all three ; but should the centre hopper ever stand 
while the others are going, (of either of these last applh 
cations,) the flights next the centre must be moveable, 
that they may be turned, and set to drive the meal out 
from the centre. Hopper-boys should be driven by a 
strap in some part ot their movement, that they ma? 
easily stop if any thing catch in them ; but many ddoII- 
Wrights prefer cogs ; they should not revolve more than 
4 times in a minute. 
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centre of the pulley, or at the top of it, to prevent its 
choking, which it is apt to do, if let in low. The motion 
should be slow for meal, but may be more lively for 
wheat 

Directions for using a Hopper-iay. 

1. When the meal elevator is set in motion to elevate 
the meal, the hopper-boy must be set in motion also, to 
spread and cool it ; and as soon as the circle is full, the 
bolts may be started ; the grinding and bolting may like- 
wise be carried on regularly together ; which is the best 
way of working. 

2. But if you do not choose to bolt as you grind, turn 
up the feeding sweepers and let the hopper-boy spread 
and cool the meal, and rise over it ; and when you begin 
to bolt, turn them down again. 

3. If you choose to keep the warm meal separate from 
the cool, shovel about 18 inches of the outside of the cir- 
cle, in towards the centre, and turn the end flights, to 
drive the meal outwards ; it will then spread the warm 
meal outwards, and gather the cool meal into the bolting 
hopper. As soon as the ring is full with warm meal, 
rake it out of the reach of the hopper-boy, and let it fall 
again. 

4. To mix tail flour or bran, &c., with a quantity of 
meal that is under the hopper-boy, make a hole for it in 
the meal quite to the floor, and put it in ; and the hopper- 
boy will mix it regularly with the whole. 

5. If it do not keep the hopper full, turn the feeding 
sweeper a little lower, and throw a little meal on the top 
of the arm, to make it sink deeper into the meal. If the 
Spreading sweepers discharge their loads too soon, and do 
not trail the meal all around the circle, turn them a little 
lower ; if they do not discharge, but keep too full, raise 
them a little. 
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ARTICLE 101. 
OF THE UTIUTY OF THESE INVENTIONS AND IMPROVCMENTi. 

In order to try the meal in the most rapid and effectual 
manner, it is evident, that it should be spread as tbinlv 
as possible, and be kept in motion from the moment it 
leaves the stones, until it be cold, that it may have a fair 
opportunity of discharging its moisture, which will be 
done more effectually at that time, than after it has ^rown 
cold in a heap, and has retained its moisture; this imme- 
diate drying does not allow time for insects to deposite 
their eggs, which, in time, breed the worms that are often 
found in the heart of barrels of flour well packed ; and, 
by the moisture being expelled more effectually, it will 
not be so apt to sour. The first great advantage, there- 
fore, is that tfie meal is better pr^xired for bolting^ for 
packtng, and for keeping, in much less time than usuaL 

2. They do the work to much greater perfection, by 
cleaning the grain and screenings more effectually, hoisU 
ing and bolting over great part of the flour, and griodipg 
and bolting over the middlings, all at one operation, mix- 
ing those parts that are to be mixed, and separating sach 
as are to be separated. 

3. TTiey save much meal from being wasted, if they be 
well constructed, because there is no necessity for tramp- 
V\n^ u\ it, which IraJlti it wherever we walk, nor shoved 
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^o; so that there is not so much time expended in grind- 
ing over middlings, which will not employ the power of 
the mill, nor in cleaning and grinding the screenings, 
they being cleaned every few days, and mixed with the 
wheat, and as the labour is easier, the miller can keep the 
stones in better order, and more regularly and steadily at 
work, especially in the night time, when they frequently 
stop for want of help ; whereas, one man would be sum- 
cient to attend six pair of stones, running (in one house) 
with well constructed machinery. 

6. They last a long time, with hut little expense ofrepairy 
because their motions are slow and easy. 

7. They hoist the grain and meal with less power y and 
disturb the motion of (lie mill much less than the old way^ 
because the descending strap balances the ascending one, 
so that there is no more power used, than to hoist the 
grain or meal itself; whereas, in the old way, for every 
3 bushels of wheat, which fill a 4 bushel tub with meal, 
the tub bas to be hoisted, the weight of which is equal to 
a bushel of wheat ; consequently, the power used is as 3 
for the elevator to 4 for the tubs, which is one-fourth less 
with elevators than tubs; besides, the weight of 4 bushels 
of wheat, thrown at once on the wheel, always checks the 
motion ; before the tub is up, the stone sinks a little, and 
the mill is put out of tune ever^ tub full, which makes a 
great difference in a year's grinding ; this is worthy of 
notice when water is scarce. 

8. They save a great expense of attendance. One-half 
of the hands that were formerly required are now suffi- 
cient, and their labour is easier. Formerly, one hand 
was required for every 10 barrels of flour that the mill 
made daily; now, one for every 20 barrels is sufficient. 
A mill that made 40 barrels a day, required four men and 
a boy, two men are now sufficient. 
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CHAPTER XII. 

BILLS OF MATERIALS TO BE PROVIDED FOR BUILDINO ANB 
CONSTRUCTING THE MACHINERY. 



ARTICLE 102. 

For a Wheat Elevator 43 feet high^ with a Str€p 4 
indies wide. 

Three sides of good, firm, white harness-leather. 

220 feet of inch pine, or other boards that are dry, of 

about 12^ inches width, for the cases ; these are to be 

dressed as follows: 
86 feet in length, 7 inches wide, for the top and bottom. 
86 feet in length, 5 inches wide, with the edges truly 

squared, for the side boards. 
A quantity of inch boards for the garners, as they may 

be wanted. 
Sheet-iron, or a good butt of willow wood, for the buckeli. 
2000 tacks, 14 and 16 ounc^ size, the largest aboat luilf 

an inch long, for the buckets. 
3 Ibsw of 8 penny, and 1 lb. of 10 penny nails, for the 

cases. 
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2 small bands, 4| inches from the outeides. 

1 harness-back le, 4 inches from the outsides, with 2 

tongues, of the form of fig. 12. 
Add whatever more may l^ wanting for the gears, that 

are for giving it motion. 

F&r a Meal Elevator 43 Feet high, Strap 3i Inches mdcj 
and a Conveyer for two pairs of Stones, 

270 feet of dry pine, or other inch boards; most of them 
Hi or 12 inches wide, of any length, that they may 
suit to be dressed for the case boards, as follows : 

86 feet in length, 6^ inches wide, for tops and bottoms of 
the cases. 

86 feet in length, 4} inches wide, for the side boards, 
truly squared at the edges. 

The back board of the conveyer trough 15 inches, bot- 
tom do. 11 inches, and front 13 inches wide. 

Some 2 inch plank for the pulleys and cog-wheel. 

Scantling for conveyers 6 by 6, or 5\ by 5§ inches, of dry 
pine or yellow poplar, (prefer light wood ;) pine for 
shafts, 4 i by 4i or 5 by 5 inches. 

2| sides of good, pliant, harness-leather. 

1500 or 14 ounce tacks. 

A good, clean butt of willow for buckets, unless the pieces 
that are left, which are too small for the wheat-buckets, 
will make the meal-buckets. 

4 lbs. of 8 penny, and 1 lb. of 10 penny nails. 

2 dozens of large wood screws, (nails will do,) for the 
pulley cases. 

Smith's Bill of Iron. 

I double gudgeon, (such as fig. 4, Plate VI.,) 1^ inch 
thick, 7^ inches between the necks, 3| between the 
ktoy-holes, the necks 1} inch long, and the tenons at 

* each end of the same length, exactly square, that the 
socket may fit every way alike. 

5 sockets, one for each tenon, such as appears on the one 
end of fig. 4. The distance between tne outside of the 
straps, with the nails in, must be 6} inches; fig. 5 is 

21 
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an end view of it, and the band that drives over it at 
the end of the shaft, as they appear Qn the end of the 
conveyer. 

2 small I inch gudgeons ^r the other ends of the con* 
veyers. 

4 thin bands 5| inches from the outsides, for the con- 
veyers. 

1 gudgeon an inch thick, neck 3^ inches, and tang, 10 
inches, for the shaft in the upper pulley; but if a gud- 
geon be put through thi3 pulley, let it be of the form of 
fig. 6, with a tenon and socket at one end, like fig. 4. 

1 harness-buckle, 3^ inches from the outsides, with two 
tongues; such as fig. 12, Plate VI. 

Add whatever more small gudgeons and bands may be 
necessary for giving motion. 

For a Hopper-boy. 

1 piece of dry, hard, clean, pine scantling, 4i by 4i 
inches, and 10 feet long, for the upright shaft. 

1 piece of dry poplar, soft pine, or other soft, light wood, 
not subject to crack and split in working, 8 by 2| 
inches, 15 or 16 feet long, for the flight arms. 

Some two inch plank for wheels, to give it motion, and 
scantling 4^ b}'' 4^ inches, for the shafts. 

60 flights, 6 inches Ions, 3 inches wide, and \ inch at one, 
and I at the other edge, thinner at the fore than hind 
nd, that thev mnv drive in tijjlit like a dove-l^iil wt-'dt 
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eyes, one in each quarter, that the balance rope may be 

hung to either. 
2 screws with thumb-nuts, (that are turned by the thumb 

and fingers) | of an inch thick, and 3 inches long, for 

the feet of the stay-iron. 
2 do. for the end flights, 3| inches long, rounded 1| inch 

next the head, and square 1^ inch next the screw, the 

round part thickest. 
2 do. for the end sweepers, 6| inches long, rounded 1 

inch next the head, i inch thick. 
2 do. for the hopper sweepers, 8| inches long, and | inch 

thick, or long nails, with rivet heads, will answer the 

purpose. 
I step-gudgeon, (fig. 15,) 2| inches long below the ring, 

and tang 9 inches, | inch thick. 
I plate, 4 by 4, and J inch thick, for the step gudgeon to 

pass through, (fig. 14.) 
1 band for the step-gudgeon, 3| inches diameter; from 

the outside it has to pass through the stay-iron. 
I gudgeon and band, for the top of the shaft, gudgeon | 

inch, band 4 inches diameter, measuring the outside. 

The smith can, by the book, easily understand how to 
make these irons; and the reader may, from these bills 
of materials, make a rough estimate of the whole expense, 
which he will find trifling, compared with their utility. 



ARTICLE 103. 
A BIILL FOR CLEANING AND HULLING RICE. 

Fig. 2, Plate X. The rice brought to the mill in 
boats, is to be emptied into the hopper 1, out>of which 
it is conveyed by the conveyer into the elevator at 2, 
which elevates it into the garner 3, on the third flopr ; 
thence it descends into the garner 4, which hangs over 
the stones 5, and supplies them regularly. The stones 
are to be dressed with a few deep furrows, with but little 
draught, and picked full of large holes ; they must be set 
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more than the length of the grain apart The hoop 
8hoo1d be lined inside with strong sheet iron, and this, if 
punched full of holes, will be thereby improved. The 
grain is to be kept under the stone as long as necessary: 
this is effected by forcing it to rise some distance up the 
hoop, to be discharged through a hole, which is to be 
raised, or lowered, by a gate sliding in the bottom of it. 
The principle by which the grains are hulled, is that 
of rubbing them against one another, between the stones 
with great force ; by which means they hull one another 
without being much broken by the stones. As the grain 
passes through the stones 5, it should fall into a roUing- 
screen or shaking sieve 6, made of wire, with such 
meshes as will let out all the sand and dust, which may, 
if convenient, run through the floor into the water; the 
rice and most of the heavy chaff, should fall through into 
the conveyer, which will convey it into the elevator at 2. 
The li^ht chaff, &c., that does not pass through the 
sieve will fall out at the tail, and, if useless, may also run 
into the water and float away. There may be a fan put 
on the spindle, above the trundle, to make a light blast, 
to blow out the chaff and dust, which should be conveyed 
out through the wall, and this fan may supersede the ne- 
cessity of the shaking-«ieve. The grain and heavy chaff 
are to be elevated into garner 7 ; thence they are to de- 
scend into garner 8, and pass through the stones 9, which 
are to be fixed and dressed in the same way as the others, 
but are to rub ilie urain harder. The outside of the chaff. 
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Ibe small rice into apartment 16 ; the whole grains then 
kll into garner 14, perfectly clean, and are drawn into 
barrels at 15. The fan 18 blows out the dust, and lodges 
it in the room 19, and the wind passes out at 20; the head 
rice falls at the tail of the screen, and runs into the hop- 
per of the stones 5, to go through the whole operation 
Bigain. Thus, the whole work is completely performed 
by the water, with the help of the machinery, taking it 
from the boat, and operating upon it until it be put into 
the barrel, without the least manual labour. 

Perhaps it may be advantageous to make a few furrows 
in the edge of the stone, slanting, at an angle of about 30 
d^rees with a perpendicular line ; these furrows will 
throw up the grain next the stone, on the top of that in 
ibe hoop, which will change its position continually; but 
this, probably, may not be found necessary. 
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PART THE FOURTH. 



On the Procesi of manufacturing Grain into Flotir, as prac- 
ti$ed by the most skilful Millers in the United States. 



CHAPTER XIII. 

ARTICLE 104. 

THX PEIMCIPLES OF G&IMDniG EXPLAINED, TOGETHER WITH SOME 
OBSERVATIONS ON LAYING OUT THE FURROWS IH THE STONES WITH 
A PROPER DRAUGHT. 

The end we ba?e in view in grinding the grain, is to 
reduce it to such a degree of fineness, as is found hy ex- 
perience to fit it to make the best bread ; and to put it in 
soch a state, that the flour may be most effectually sepa- 
rated from the bran, or skin of the grain, by means of 
sifting or bolting. It has been proved by experience, 
that to grind grain fine with dalt mill stones, will not 
answer said purpose, because it kills or destroys that 
q[OaUty of the grain, which causes it to ferment and raise 
in the baking ; it also makes the meal so clammy, that it 
sticks to the cloth, and chokes up the meshes in bolting; 
hence it appears, that it should be made fine with as lit- 
tle pressure as possible; and it is evident that this can- 
not be done without sharp instruments. Let us suppose 
we undertake to operate on one single grain, it seems to 
socord with reason, that we should at first cut it into seve- 
ral pieces, with a sharp instrument, to put it into a state 
loitable for being passed between two planes, in order to 



248 PRINCIPLES OF GRINDING. [Chip. 11 

its being reduced to one regular degree of fineness. The 
planes should have on their faces a number of little sharp 
edges, to scrape off t^he meal from the bran, and shoold 
be set at such a distance apart as to reduce the meal to 
the required fineness, and no finer ; so that no part can 
escape unground. The same rules or principles will ap- 
ply to any quantity that will serve for one grain. 

To prepare the stones for grinding to the greatest per- 
fection, we may conclude, therefore, that their faces must 
be put into such order, that they will first cut the graift 
into several pieces, and then pass it between them in sach 
a manner, that none can escape without being ground to 
a certain degree of fineness, whilst, at the same time, it 
scrapes the meal off cleanly from the bran or skin. 

Tne best way that I have yet found to efiect this, is 
(after the stones are faced with the staff, and the pick,) to 
grind between them a few quarts of fine, sharp sand ; this 
will face them to fit each other so exactly, tnat no meal 
can pass them without being ground ; this is also the best 
way of sharpening all the little edges on the face, that 
are formed by the pores of the stone ; instead of sand, wa- 
ter may be used, the stones then face each other ; they 
will then scrape the meal off the bran, without too 
much pressure being applied. But as the meal will not 
pass from the centre to the periphery or verge of the 
stones, with sufficient rapidity, without some a8si8taD0e» 
there must be a number of furrows, to aid it in its 
egresi* ; and these furrows must be set with Kueh i 
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Stone is to cot the grain, and near the periphery the office 
of the two planes is to reduce the flour to the required 
fineness, and scrape the bran clean, which is effected by 
the edges, formed by the nurperous little pores with which 
the burr stone abounds. We must consider, however, 
that it is not best to have the stones 'too sharp near the 
eye, because they then cut the bran too fine. The stones 
incline to keep open near the eye, unless they be too 
dose. If they be porous, (near the eye,) and will keep 
open without picking, they will remain a little dull, which 
will flatten the bran, without cutting it too much : but if 
they be soft next the eye, they will keep too open, and 
that part of the stone will be nearly useless ; they, there- 
fore, should be very hard and porous. 

It is also necessary, that the face of the stone be dressed 
in such a form, as to allow room for the grain, or meal, in 
every stage of its passage between the stones. In order 
to understand this, let us conceive the stream of wheat 
entering the eye of the stone, to be about the thickness 
of a man's finger, but instantly spreading every way over 
the whole face of the stone ; this stream must, therefore, 
get thinner, as it approaches the periphery, where it 
would be thinner than a fine hair, if it did not pass slower 
as it becomes finer, and if the stones were not kept apart 
by the bran ; for this reason the stones must be so dressed, 
tbat they will not touch at the centre, within about a 16th 
or 20th part of an inch, but get closer gradually, till with- 
in about 10 or 12 inches from the verge of the stone, pro- 
portioned to the diameter, and from that part out they 
must fit nicely together. This close part is called the 
flouring of the stone. The furrows should be deep near 
the centre, to admit wheat in its chopped state, and the 
air, which tends to keep the stones cool. 
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ARTICLE 105. 

OF THE DRAUGHT NECESSARY TO BE GIVEN TO THE FURROWS OF MILL- 
STONES. 

From these principles and ideas, and the laws of cen- 
tral forces, explained at Art. 13, I form my judgment of 
the proper draught of the furrows, and the manner of 
dress ; points in which I find but few of the best millers 
to agree; some prefer one kind, and some another, which 
shows that this necessary part of the miller's art is not 
yet well understood. In order to illustrate this matter, 
1 have constructed fig. 3, Plate XI. A B represents the 
eight quarter, C D the twelve quarter, and E A the cen- 
tral dress. Now, we observe that in the eight quarter 
dress, the short furrows at F have about five times as 
much draught as the long ones, and cross one another like 
a pair of shears bpened so wide that they will driye all 
before them, and cut nothing, and if these furrows be deep 
they will drive out the meal as soon as it gets into them, 
and thereby make much coarse meal, such as middlings 
and ship stuff or camel ; the twelve quarter dress appears 
to be better ; but the short furrows at G have about four 
times as much draught as the long ones, the advantage 
of which I cannot perceive, because if we have once found 
the draught that is right for one furrow, so as to cause 
the meal to pass through the stone in a proper time, it 
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notion. E e is a furrow of the running stone, and we 
nay see by the figure, that the furrows cross one another 
it the centre at a much greater angle than near the peri- 
phery, which I conceive to be right ; because the centri- 
fugal force is much less towards the centre than near the 
periphery. But we must also consider, that the grain, 
whole or little broken, requires less draught and centri- 
Fagal force to send it out, than it does when ground fine ; 
v^hich shows that we must not, in practice, follow the 
theory laid down in Art. 13, respecting the laws of circu- 
lar motion and central forces ; because the grain, as it is 
g[round into meal, is less afiected by the central force to 
drive it out ; the angles, therefore, with which the fur- 
rows cross each other, must be greater near the verge or 
skirt of the stone, and less near its centre than would be 
assigned by that theory; and what ought to be the 
amount of this variation is a question which practice has 
not yet determined. 

From the whole of my speculations on this difficult 
subject, added to observations on my own and others' prac- 
tice and experience, I propose the following rule for lay- 
ing out a five foot mill-stone. (See fig. 1, Plate XL) 

1. Describe a circle with 3 inches, and another with 6 
inches radius, round the centre of the stone. 

2. Divide the 3 inches space between these two circles 
into 4 spaces, by 3 circles equi-distant ; call these five 
circles draught circles. 

3. Divide the stone into 5 parts, by describing 4 circles 
equi-distant between the eye and the verge. 

4. Divide the circumference of the stone into 18 equal 
parts called quarters. 

5. Then take a straight-edged rule, lay one end at one 
of the quarters at 6, at the verge of the stone, and the 
other end at the outside draught circle, 6 inches from 
the centre of the stone, and draw a line for the furrow 
from the verge of the stone to the circle 5 ; then shift 
the rule from draught circle 6, to the draught circle 
5, and continue the furrow line towards the centre, 
from circle 5 to 4 : then shift in the rule to draught 
circle 4, and continue to 3 ; shift to 3, and continue to 
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2; shift to 2, and continne to 1, and the curve of the 

furrow is formed, as 1 — 6 in the figure. 
6. To this curve form a pattern, by which to lay out all 

the remainder. 

The furrows with this curve will cross each other with 
the following angles, shown fig. 1, 
at circle 1, which is the eye 

of the stone, at 75 degrees ^ngle, 

— 2 . -45 

_ 3 . . 35 

— 4 . . 31 

— 5 . . 27 

— 6 . . 23 

These angles, as shown by the lines G r, H r, G 8, H s. 
&c., &c., will, I think, do well in practice, will grind 
smooth, and make but little coarse meal, &c. 

Supposing the greatest draught circle to be 6 inches 
radius, then, by theory, the angles would have been 

at circle 1 ... 138 degrees angle. 

— 2 . . . 69 

— 3 - - . 46 

— 4 - . . 35,5 

— 5 - . . 27,5 

— 6 - . . 23 

If the draught circle had been 5 inches radius, and the 
furrows straight, the angles would then have been at 
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ing the angles where they cross those of the bed-stones, 
in every part Here I have supposed the extremes of the 
draught of 6 inches for the verge, and 3 inches for the 
eye of the stone, to be right for a stone 5 feet diameter, 
revolving 100 times in a minute ; but of this I am, by no 
means, certain. Yet by experience the extremes may be 
ascertained for stones of all sizes, with different* velocities; 
no kind of dress of which I can conceive, appears to me 
likely to be brought to perfection excepting this, and it 
certainly appears, both by reason and by inspecting the 
figure, that it will grind the smoothest ot all the different 
kinds exhibited in the plate. 

The principle of grinding is partly that of shears, clip- 
pins; the planes of the face of the stones serving as 
ffuides to keep the grain in the edge of the shears, the 
rarrows and pores forming the edges; if the shears cross 
one another, at too great an angle, they cannot cut; it 
follows, therefore, that all the strokes of the pick should 
be parallel to the furrows. 

To give two stones of different diameters the same 
draught, we must make their draught circles in direct 
proportion to their diameters; then the furrows of the 
upper and lower stones of each size will cross each other 
with equal angles in all proportional distances, from their 
centres to their peripheries. But when we come to con- 
sider that the mean circles of all stones are to have nearly 
equal velocities, and that tbeir centrifugal forces will be 
in inverse proportion to th^ir diameters, we must perceive 
that small stones must have much less draught than large 
ones, in proportion to their diameters. (See the propor- 
tion for determining the draught. Art. 13.) 

It is very necessary that the true draught of the fur- 
rows should be determined to suit the velocity of the 
stone, because the centrifugal force of the meal will vary, 
fts the squares of the velocity of the stone, by the 5th law 
3f circular motion. But the error of the draught may 
be corrected, in some measure, by the depth of the fur- 
rows. The less the draught, the deeper must be the 
fbrrow*; and the greater the draught, the shallower the 
furrow, to prevent the meal from escaping unground; 
22 
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but if the furrows be too shallow, there will not a suffi- 
oient qoantitj of air pass through the stones to keep them 
oool. But in the central dress the furrows meet so near 
together, that they cut the stones too much away at the 
centre, unless they be made too narrow ; I, therefore pre- 
fer what is. called the quarter dress, but divided into so 
many quarters, that there will be little difference between 
the draught of the furrows; suppose 18 quarters in a 5 
foot stone, then each quarter takes up about lO^ inches 
of the circumference of the stone, which suits for a diri- 
sion into about 4 furrows and 4 lands, if the stone be 
close; but, if it be open, 2 or 3 furrows to each quarter 
will be Chough. This rule will give 4 feet 6 inch stones, 
16; and 5 feet 6 inch stones, 21 ; and 6 feet stones^ 2» 
quarters. But the number of quarters is not very im* 
portant ; it is better, however, to have too many than too 
few. If the quarters be few, the disad vantage of the short 
furrows crossing at too great an angle, and throwing out 
the meal too coarse, may be rem^ied, by making the 
land widest next the verge, thereby turning the furrows 
toward the centre, wh^n they will have less draught, as 
in the quarter H I, fig. 3. 



ARTICLE 106. 
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ing parts should be well cracked with picks, and again 
ground with a small quantity of water or sand ; after this, 
take them up, and try the staff on them ; picking off the 
red parts as before, and repeat this operation, until the 
8taff will touch nearly alike all the way across, and until 
the stone comes to a face in every part, that the qualitr 
thereof may plainly appear ; then, with a red or black 
line, proceed to lay out the furrows, in the manner de- 
termined upon, from the observations already laid down 
in the last article. After having a fair view of the face 
and quality of the stone, we can judge of the number of 
furrows most suitable, observing that where the stone is 
most open and porous, fewer furrows will be wanted; but 
where it is close and smooth, the furrows ought to be 
more numerous, and both they and the lands narrow 
(about H inch wide) that they may form a greater 
number of edges, to perform the grinding. The fur- 
rows, at the back, should be made nearly the depth of the 
thickness of a grain of wheat, but sloped up to a feather 
edge, not deeper than the thickness of a finger nail ;♦ 
this edge is to be made as sharp as possible, which can- 
not be done without a very sharp hard pick. When 
the furrows are all made, try the red staff over them, and 
if it touch near the centre^ the marks must be quite taken 
off about a foot next to it, but observing to crack lio^hter 
the farther from it, so that when the stones are laid to- 
gether, they will not touch at the centre, by about one- 
twentieth part of an inch, and close gradually, so as to 
touch and fit exactly, for about 10 or 12 inches from the 
verge. If the stones be now well hung, having the facing 

* For the form of the bottom of the farrow, see fig, 3, Plate XT. The canre line 
e b shows the bottom, b the feather edge, and e the back part. If the bottom bad 
bees made square at the back, as at e, the gram w<<uld lie in the comer, and by the 
oentrifogal force, woald work out along the farrows without passing over the uiidt, 
and a part would escape unground. The back edge must be sloped for two reaaont ; 
l«l, <hat the mral maj be poshed on to the feather edge ; 2dly, that the farrow may 
irtow narrower, as the faces of the stones wear away, to give liberty to sharpen tlie 
feather edge, withoot making ihe furrows too wide. Fig. 5 represents the face of 
two atones, working together, the runner moving from a to d. When the farrows 
mra last over each other, as at a, there is room for a grain of wheat; wlien they more 
to the ptoition of b, it is flattened, and at e, is clippeid ia two by the feather adget, 
mad the lands or planes operate 00 it, ■■ al d. 
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and furrowing neatly done, they will be found in the meet 
excellent order that they can possibly be put, for grind- 
ing wheat, because they are in good face, fitting so neatlr 
together that the wheat cannot escape unground, and lU 
the edges being perfectly sharp, so that the grain can be 
grouna into flour, with the least pressure possible. 



ARTICLE 107. 
OF HANGING MILL-STONES. 

If the stone have a balance-ryne, it is an easy matter 
to hang it, for we have only to set the spindle perpendi* 
cular to the face of the bed-stone ; which is done by fos- 
tening a staff on the cock-head of the spindle, so that the 
end may reach to the edge of the stone, and be near the 
^e In this end we put a piece of elastic material, soch 
as of whalebone or quill, so as to touch the stone, that, on 
turning the trundle head, the quill may move round the 
edge of the stone, and when it is made to touch alike ill 
the way round, b^ altering the wedges of the bridge, the 
stone may be laid down and it will be ready hung;* 



* Dut h«te wc niumt obvcrrr, wKrtKrr t)ie ilonr; be of « Unp bdinoe, ■■ it I 
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but if we have a stiff ryne, it will be mach more difficult, 
faecaase we hare not only to fix the spindle perpendicular 
to the face of the bed-stone, but we must set the face of 
the runner perpendicular to the spindle, and all this must 
be done with the greatest exactness, because the ryne, 
being' stiff, will not give way to suffer the runner to form 
itself to the bed-stone, as will the balance-ryne. 

The bed of the ryne being first carefully cleaned out, 
the ryne is put into it and tied, until the stone be laid 
down on the cock-head ; then we find the part that hangs 
lowest, and, by putting the hand thereon, we press the 
stone down a little, turning it about at the same time, and 
observing whether the lowest part touches the bed-stone 
equally ail the way round ; if it do not, it is adjusted by 
altering the wedges of the bridge-tree, until it touches 
equally, and then the spindle will stand perpendicular 
to the face of the bed-stone. Then, to set the face of 
the runner perpendicular, or square, to the spindle, we 
remain in the same place, turning the stone, and preas* 
ing on it at every horn of the ryne, as it passes, and ob* 
serving whether the runner will touch the bed-stone 
ei^aally at every horn, which, if it do not, we strike 
with an iron bar on the horn, that bears the stone high- 
est, which, by its jarring, will settle itself better into its 
bed, and thereby let the stone down a little in that part; 
bat, if this be not sufficient, there must he paper put on 
the top of the horn that lets the stone too lo^ ; observing 
to mark the high horns, that when the stone is taken up, 
n little may be taken off the bed, and the ryne will sooa 
become so neatly bedded, that the stone will hang very 
easily. But I have always found that every time the 
stone is taken up, the bridge is moved a little out of 
place ; or, in other words, the spindle moved a little from 
ite true perpendicular position with respect to the face 
of the bed-stone, which is a great objection to the stiff 
horn ryne ; for if the spindle be thrown but very little 
out of place, the stones cannot come together equally ; 

tin tlw poinU bear i\ghi\y on the liorn : then proeeed to hanf the ttone, whidi if 
r maHj done by turoing the 9onw, 
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whilst, with a bfdance-nrne, if it be conmderably out of 

glace, it will do hot little or no iDJory in the grinding, 
ecause the running stone has liberty to form itself to tM 
bed-stone. 



ARTICLE 10& 



OF REGULATING THE FEED AND WATER IN GRINDING. 



The stone being well hung, proceed to grind, and when 
all things are ready, draw as much water as is judged to 
be sufficicQt; then observe the motion of the stonetby 
the ndse of the damsel, and feel the meal ; if it be too 
coarse, and the motion too slow, give less feed, and it will 
grind finer, and the motion will be quicker ; if it yet 
grind too coarse, lower the stones; then, if the motion be 
too slow, draw a little more water; but if the meal f&A 
to be too low ground, and the motion right, raise the 
stones a little, and give a little more feed. If the aiotion 
and feed be too great, and the meal be ground too low, 
shut off part of the water. But if the motion be too stow, 
and the feed be too small, draw more water. 

The miller must here remember, that there is a certain 
portion of feed that the stones will bear and ffrind wdl, 
which will be in proportion to their Kijse, veTocily, and 
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ARTICLE 109. 
RULE FOR JUDGING OF GOOD GRINDING. 

Catch your hand full of meal as it falls from the stones, 
and feel it lightly between yoar finffers and thumb ; and 
if it feel smooth, and not oily or cTammyi and will not 
stick much to the hand, it shows it to be fine enough, 
and the stones to be sharp. If there be no lumps to be 
fidt larger than the rest, but all is of one fineness, it shows 
the stones to be well faced, and the furrows not to have 
too much draught, as none has escaped unground. 

If the meal feel very smooth and oily, and stick much 
to the hand, it shows it to be too low ground, hard 
pressed, and the stones dull. 

If it feel in part oily, and in part coarse and lumpy, and 
will stick much to the hand, it shows that the stones have 
too much feed ; or, that they are dull, and badly faced ; 
or have some furrows that have too much draught ; or are 
too deep, or perhaps, too steep at the back edge, as part 
has escaped unground, and part is too much pressed, and 
low. 

Catch your hand fall, and holding the palm up, shut 
it briskly ; if the greatest quantity of the meal fly out and 
escape between your fingers, it shows it to be in a fine 
mud lively state, the stones sharp, the bran thin, and that 
it will bolt well : But the greater the quantity that stays 
in the hand, the more fault v is the flour. 

Catch a handful of meal in a sieve, and sift the meal 
dean out of the bran ; then feel it, and if it be soft and 
springy, or elastic, and, also, feel thin, with but little 
stickiDg to the inside of the bran, and no pieces found 
much thicker than the rest, the stones are shown to be 
sharp, and the grinding well done.^ 

* Inateftd of a tiere, 70Q nity take a thane} aiiA iiold the point near the ftream of 
aoal, and it will catch part of the bran, with hoi KMlo meal nixed with it; wbtoh 
■■17 bo ieparated bj totaiof it froD one hand to the other, wipiof the hand at eaeh 
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But if it be broad and stiff, and the inside white, it is 
a sare sign that the stones are dull, or over-fed. If you 
find some parts that are much thicker and harder toan 
the rest, such as half or quarter grains, it shows that there 
are some furrows that have too much draught, or are too 
deep, or steep, at the back edge ; else, that you are grind- 
ing with less feed than the depth of the furrows, a»d ve- 
locity of the stone will-bear. 



ARTICLE 110. 



OF DRESSING AND SHARPENING THE STONES WHEN BULL. 

When the stones get dull they must be taken up, that 
they may be sharpened ; to do this in the best manner, 
we must be provided with shstrp, hard picks, with which 
the feather-edge of the furrows are to be dressed as sharp 
as possible; which cannot be done with soft or dull picks. 
The bottoms of the furrows are likewise to be dressed, to 
keep them of the proper depth ; but here the dull picks 
may be used.^ The straight staff must now, also, be ran 
over the face carefully, and if there be any parts harder 
or higher than the rest, the red will be left on them; 
they must be cracked lightly, with many cracks, to make 
them wear as fast as the softer parts, in order to keep 
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with a smooth rough-faced hammer, many light strokes, 
until a dust begins to appear, which frets the flinty part, 
and makes it softer and sharper. The stone will never 
be in the best order for cleaning the bran, without first 
grinding a little sand, to sharpen all the little edges 
formed by the pores of the stone ; the same sand may be 
used several times. The stones may be sharpened with- 
out being taken up, or even stopped ; to do this, take half 
a pint of sand, and hold the shoe from knocking, to let 
them run empty ; then pour in the sand, and this will 
take 'the glaze off the face, and whet up the edges so that 
they will grind considerably better: this ought to be often 
done.^ 

Some are in the practice of letting stones run for 
months without being dressed ; but 1 am well convinced 
that those who dress them well twice a week, are fully 
paid for their trouble. 



ARTICLE 111. 
OF THE MOST PROPER DEGREE OF FINENESS FOR FLOUR. 

As to the most proper degree of fineness for flour, 
millers differ in their opinion ; but a great majority, and 
many of the most experienced, and of the best judgment, 
agree in this ; that if the flour be made very fine, it will 
be killed, (as it is termed,) so that it will not rise or 
ferment so well in baking ; but I have heard many good 
millers give it as their opinion, that flour cannot be made 
too fine, if ground with sharp, clean stones, provided 
they be not suffered to rub against each other; and some 
of those millers do actually reduce almost all the meal 
they get out of the wheat into superfine flour ; by which 
means they have but two kinds ; namely, superfine flour, 
and horse-feed ; which is what is left after the flour is 

* Cara tboald be taken to prerent the nnd from gettinr mixed with the meol; it 
* i he cto|rht in 10010 vcnel, the stone being tStBdna to nm qnite emplj ; tlie 
qiMiitiij that will remain in the atone will not input the flour. 
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made, and is not fit to make even the ooanwt kind of 
ship-bread. 

To test the properties of the finest floor, I contriTed to 
catch so much of the dust of that which was floating 
about in the mill, as made a large loaf of bread, whiob 
was raised with the same yeast, and baked in the aaiM 
oven, with other loaves, that were made out of the meet 
lively meal ; the loaf made of the dust of the flour was 
equally light, and as good, if not better, than any of the 
others ; it was more moist, and pleasant to the taste, 
though made of flour that, from its fineness, felt like oiL 

I conclude, therefore, that it is not the degree of fine- 
ness that destroys the life of the flour, but the degree of 
heat produced by the too great pressure applied in grind- 
ing; and that flour may be reduced to the greatest de- 
gree of fineness, without injuring the quality, provided it 
be done with sharp, clean stones, and with little pressare. 



CHAPTER XIV. 

ARTICLE 112. 



OF GABLIC, WITH DIRECTIOVS FOR GRINDING WHEAT MIXED 
WITH : AND FOR DRESSING THE STONES SUITABLE THERESO, 
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leres to the stone, in such a manner as apparently to 
dlant the edges, so that they will not grind to any degree 
jf perfection. We are, therefore, obliged to take the 
ranner up, and wash the glaze off with water, scrubbing 
the faces with stiff brushes, and drying up the water with 
irfoths or sponges ; this laborious operation must be re- 
peated twice, or perhaps four times in 24 hours, if there 
be about ten grains of garlic in a handful of wheat. 

To put the stones in the best order to grind garlicky 
wheat, they must be cracked roughly all over the face, 
and dressed more open about the eye; they then break 
the grains of garlic less suddenly, giving the glutinous 
substance of the garlic more time to incorporate itself 
with the meal, and preventing its adherence to the stone. 
The rougher the face, the longer will the stones grind, 
because the more time will the garlic be in filling all the 
edges. 

The best method that I have ever yet discovered for 
manufacturing garlicky wheat is as follows; namely: — 

First, clean it over several times, in order to take out 
all the garlic that can be separated by the machinery, 
fwbich is easily done if you have a wheat elevator well 
fixed, as directed in Art. 94, Plate IX.) then chop or 
half grind it ; which will break the garlic (it being softer 
than the wheat, the moisture will then diffuse itself 
through the chopped wheat so that it will not injure the 
atones so much, in the second grinding. By this means 
a considerable quantity can be ground, without taking 
QD the stones. I'he chopping may be done at the rate 
of 15 or 20 bushels in an hour, and with but little trou- 
Ue or loss of time, provided there be a meal elevator 
that will hoist it up to the meal loft, from whence it may 
descend to the hopper by spouts, to be ground a second 
time, when it will grind faster than if it had not been 
chopped. Great care should be taken, that it be not 
chopped so fine that il will not feed by the knocking 
of tne shoe; as, likewise, that it be not too coarse, lest the 
garlic be not sufficiently broken. If the chopped grain 

thfaif fr«D fettanf root ia their (kim» ; which, if it dora, it will be ■Imott impoenhlfl 
««w to loot it out apiD, m it propegatee both bj teed and root, and it verj huij. 
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could lie a considerable tiraoi the garlic would dry» and 
it would grind much better. 

But, although every precaution be taken, if there be 
much garlic in the wheat, the bran will not be well 
cleaned; besides which, there will be much coarse metl 
made, such as middlings, and stuff, which will require to 
be ground over again, in order to make the most profit <rf 
the grain ; this I shall treat of in the next chapter. 



CHAPTER XV. 

ARTICLE 113. 



OF GRINDING THE MIDDLINGS OVER, AND, IF NECESSART, TBI 
STUFF AND BRAN, OR SHORTS, TO MAKE THE MOST OP THBM. 



Although we may grind the grain in the best manner 
we possibly can, so as to make any reasonable despatch, 
there yet will appear in the bolting; a species of coaiae 
meal, called middlings, and stuff, a quality between 
superfine and shorts, which will contain a portion of the 
begt part of the grain ; but in this slate they will m^t 




a»p. 15.] OF GRINDING MIDDLINGa 265 

from the fine part that would have prevented it from 
feeding freely. The small specks of bran that were be- 
fore mixed with it, being lighter than the rich round part, 
will not pass through the middlings' cloth, but will pass 
on to the stufTs cloth. The middlings will, by this 
means, be richer than before, and when made fine, may 
be mixed with the ground meal, and bolted into superfine 
flour. 

The middlings may now be put into the hanging gar- 
ner, over the hopper of the stones, out of which it will 
run into the hopper, and keep it full, as does the wheat 
provided the garner be rightly constructed, and a hole 
about 6 by 6 inches made for it to issue out at. There 
must be a rod put through the bar that supports the up- 
per end of the damsel, the lower end of which must reach 
into the eye of the stones, near to the bottom, and on one 
side thereof, to prevent the meal from sticking in the eye, 
which, if it does, it will not feed. The hole in the bottom 
of the hopper must not be less than four inches square. 
Things being thus prepared, and the stones being sharp 
and clean, and nicely hung, draw a small quantity of 
water, (for meal does not require above one- tenth part 
that grain does) taking great care to avoid pressure, 
because the bran is not now between two stones, to pre- 
vent their coming too closely together. If you lay on as 
much weight as when grinding grain, the flour will be 
killed; but if the stones be well hung, and it be pressed 
lightly, the flour will be lively, and will make much bet- 
ter bread, without being bolted, than it would before it 
was ground. As fast as it is ground, it may be elevated 
and Dolted ; but a little bran will now be necessary to 
keep the cloth open : and all that passed through the su- 
perfine cloth in this operation, may be mixed with what 
passed through in the first bolting of the middlings, and 
DC hoisted up, and mixed (by the hopper-boy) reguhirly 
with the around meal, and bolted into supernne flour, as 
directed Art. 89.* 

• AD tbU troable and loci of time maj be aaved hj a littk flimple maehinerj, 
DMDeW : As the middlioga fall by the firat bolting, let them be convejed into the 
«fe of the fttooe, aiid ^oand with the trheaf, at directed Art 89, Plate VI 11; by 
wliieli tneana, the whole thereof niajr be ni«de into taperfine floor, iritboat any 
Imb of time, or danger of being too baid preaaec^ f^^r want of bran, to keep the 
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The stuff, which is a decree coarser than middlingSi if 
it be too poor for ship bread, and too rich to feed cattle on, 
is to be ground over m the same manner as the middlings. 
But if it be mixed with fine floor, (as it sometimes is,) so 
that it will not feed freely, it most be bolted over first; 
this will take out the fine flour, and, also the fine specks 
of bran, which, being lightest, will come through the 
cloth last. When it is bolted, the part that passes through 
the middlings* and stuffs parts of the cloth, are to be 
mixed and ground together; by this means the rich 
particles will be reduced to flour, and, when bolted, will 
pass through the finer cloths, and will make tolerablv 
good bread. What passes through the middlings' cloth 
will make but indinerent ship-bread, and what passes 
through the ship-stuffs cloth, will be what is called 
brown-stuff, roughings, or horse-feed. 

The bran and shorts seldom are worth the trouble of 
grinding over, unless the stones have been very dull, or 
the grinding been but slightly performed, or the wheat 
very garlicky. When it is done, the stones must be very 
sharp, and more water and pressure are required, than in 
grinding grain. The flour, thus obtained, is generally of 
an indifferent quality, bein^ made of that part of the grain 
that lies next the skin, and a great part of it is the skin 
itself, cut fine.* 



Thii mode I fint introdaced, and Mveral olben ha?e aiiice 
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CHAPTER XVI. 

ARTICLE 114. 

Of THE QVklATYOT MILL*8T0NES, TO SUIT THE QUALITY OP 

THE WHEAT. 

It has been fouDd, by experience, that different quali- 
ties of wheat require different qualities of stones, to grind 
to the highest perfection. 

Although there be several species of wheat, of different 
qualities; yet, with respect to the grinding, we may di- 
vide them into three kinds only, namely : — 

A TABLE 



Showtog Che Prodact of a Buihel of Wheat of different weijrhtf and qaaliliea, atoer 
tained bj experiments in griodiD|r pareela. 
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If the ecreeninga bad been accarateljr weighed, and the loea in weight occaaionad 
hf the grinding aaoertained, tbia table woold have been more intereating. A loaa of 
Mfht tfoeo take place bj the e? aporatioo of the moiatare bj the beat of the alooet 
kk tfie operation. 

Tkt aothof conceived that if a complete eeparation of the akin of the wheat flpom 
tlw 6oor could be eflSscted, and the floor be reduced to a aulBeient degree of fineneau, 
fl alight all pave for a<iperfine ; and having made the eiperimenta in the Table, he 



•flboCed aueh improvementa in the manufacture, hj dreaaing the mtllatooea lo grisd 
lelb ; and bj meana of the maehinenr which be invented, retumiog the midminga 
» Che uve of the atone, lo be ground over with the wheat, and elevating the 1 
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aehinenr which be invented, retumiog the middliBffa 
I ground over with the wheat, and elevating the tall. 
^ to the hopper-bojr, to be bolted over again, duL, that in makby hie lul 51080 
hwreb of eoperfine Mir, he left no mIddliUM or ahip^oiT, which wae not too four 
ftr maj kind of bread, eicepting eome araafi ouantitita which were retained kk the 
■ill; and the flour paaaed the inapedioo with credit. Ollien have elnce funmi 
the anae principlea, and put them more fiitt/ aod oompletelj into opermiion. 
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1. The dry and hard. 

2. The damp and soft. 

3. Wheat that is mixed with garlic. 

When the grain that is to be around is dry and bard, 
such as is raised on high and clayey lands, threshed in 
barns, and kept dry,* the stones for grinding it should be 
of that quality of the burr, that is called close and bard, 
with few large pores, in order that they may have more 
face. The grain being brittle and easily broken into 
pieces, requires more face, or plane parts, (spoken of in 
Art. 104,) to reduce it to the required fineness, witboot 
cutting the skin too much. 

When the grain that is to be ground is somewhat damp 
and soft, such as is raised on a light sandy soil, is trodden 
out on the ground, and is carried in the holds of ships to 
market, which tends to increase the dampness, the stones 
should be more open and porous, because the grain ii 
tough, difficult to be broken into pieces, and requires 
more sharp edges, and less face (or plane surface,) to re- 
duce it to the required fineness.f (See Art 104.) 

When there is garlio or wild onion, (mentioned Art 
111,) mixed with the wheat, the stones require to be 
open, porous, and sharp; because the glutinous substance 
of the garlic adheres to the face of the stones, and blunts 
the edges; by which means little can be ground before 
the stones get so dull that they will require to be taken 
up and sharpened ; and the more porous and sharp tbe 
stones are, the lontjer thev will run, fiTid i^nnd a In 
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to distinguish it from the kind which is hard and flinty; 
these are not so subject to glaze on the face ; and it is 
found by experience that stones of this texture will grind 
at one dressing three or four times as much grain mixed 
with garlic, as those of a hard quality.^ S^ Art. 111. 



CHAPTER XVU. 

ARTICLE 115. 

OF BOLTING REELS AND CLOTHS, WITH DIRECTIONS FOR 
BOLTING AND INSPECTING THE FLOUR. 

The effect we wish to produce by sifting, or bolting, 
is to separate the different qualities of flour from each 
other, and from the skin, shorts, or bran ; let us now in- 
quire which are the most proper means of attaining this 
end. 

* It it rery difficnlt to conTer my ideas of the quality of the ttoiief to the retder, 
fbr wmnt of ■omethioj^ with which to measure or compare their degreee of porosity 
or closeness, hardness or soflaess. T>e luiowledgp of these dUferent qoalitie* is oaly 
to be obtained by practice and experience ; bat I may observe, that pores in the stone, 
ImgK in diameter than the lenj^Ui of a frain of wheat, are injarioas ; for how much so* 
ever tbey are larp^er, is so much loss of the face, because it is the edees that do the 
^mdlng ; therefore all lar|^ pores in stones are a disadvantage. The greater the 
mMBber of pores in the stones, so as to leave a sufficient quantity of touching snrfiice, 
to reduce the flour to a sufficient degree of fioeuesii, the better. 

MiJl-stme makers ouicht to be acquainted with the true principles on which 
grinding is performed, and with the art of manufacturing grain into flour, that th^ 
amy be judges of tlie quality of the stones suitable to the quality of the wheat of dif. 
1 parts of the country ; also, of the best manner of disposing of the different 
I of stone, of different qualities in the same mill-stone, according to the 
of tho several parts, from the centre to the verge of the stone, (See Art. 
IM.) 

Mil-stones are generally but very osrdeosly and slightly made; whereas, they 
iboulil be made with the utmost care, and to the greatest nicety. The runner must 
be behmced exactly on its centre, and ever v oorres(>onding opposite part of it should 
be of equal weight, or else the spindle will not keep tight in the bash ; (seo Art. 
107;)— snd if it is to be huo« on a balanoe ryne, it should be pat in at the fomutioo 
oTtbe stone, which should be nicely balanced thi-reon. 

But, above all, the kind of stone should be most attended to, that no pleee of an 
qpeoileble quality for the rest be pot in ; it being koova to ell eiperienoed DiUers, 
that they had butter give a high price for an extraordinary good pair, than to have 
aa ioAlbrent pair for nothing. 
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Observattam concerning Baking. 

1. Suppose that we try a sieve, the meshes of which 
are so large, as to let the bran and meal through : It is 
evident that we could never thus attain the end proposed 
by the use thereof. 

2. Suppose we try a finer sieve, that will let all the 
meal through, but none of the bran ; by this we cannot 
separate the different qualities of the flour. 

3. We provide as many sieves of the different degrees 
of fineness as we intend to make different qualities of 
flour; and which, for distinction, we name — Superfine, 
Middlings, and Camel. 

The superfine sieve we make of meshes, so fine as to 
let through the superfine flour, but none of the mid- 
dlings: the middlings' sieve, so fine as to let the mid- 
dlings pass through, but none of the carnel : the carnel 
sieve, so fine as to let none of the shorts or bran pass 
through. 

Now it is evident, that if we would continue the ope- 
ration long enough, with each sieve, beginning with the 
superfine, that we might elfect a complete separation. 
But if we do not continue the operation a sufficient length 
of time, with each sieve, the separation will not be com- 
plete, for [Art of the superfine will be left, and will pass 
through with the middlings, and part of the middhngs 
with the carnal, and a part of the carnel with the Khorti: 




Oup. IT.] OF INSPECTING FLOOR. 271 

take all the superfine out, before it reach the middlings' 
cloth, and all the middlings before it reach the carnel 
cloth. 

The late improvements made on bolting seem to be 
principalljr as follows ; namely:— 

1. The using finer cloths — but thej were found to 
clog, or choke up, when put on small reels of 22 inches 
diameter. 

2. The enlarging the diameter of the reels to 27| 
inches, which gives the meal greater distance to fall, and 
causes it to strike harder against the cloth, which keeps 
it open. 

3. The lengthening the cloths, that operation may be 
continued a sufiicient length of time. 

4. The bolting a much larger portion of the flour over 
again, than was done formerly. 

The meal, as it is ground, must be hoisted to the meal- 
lofk, where it should be spread thin, and often stirred, 
that it may cool and dry, to prepare it for bolting. After 
it is bolted, the tail flour, or that part of the superfine that 
falls last, and which is too full of specks of bran to pass 
for superfine, is to be hoisted up again and mixed with 
the ground meal, to be bolted over again. This hoisting, 
sprc^Buling, mixing, and attending the bolting hoppers, in 
merchant mills, creates a great deal of hard labour, if 

Eerformed by band ; and is never completely done at last: 
ut all this, and much more of the labour of mills, can 
now be accomplished by machinery, moved by water. 
(See Part III.) 

0/ Inspecting Flour. 

The miller must attain a knowledge of the standard 
quality passable in the market: to examine it whilst bolt- 
ing, hold a clean piece of board under the bolt, moving 
it from head to tail, so as to catch a proportional quantity 
all the way, as far as is taken for superfine; then, 
smoothing it well by pressing an even surface on it, will 
make the specks and colour more plainly appear; if it 
be not good enough, turn a little more of the tail to be 
bolted over. 
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If the flour appnear darker than was expected from the 
quality of the grain, it shows the grinding to be too high* 
and the bolting too near ; because the finer the flour, the 
whiter its colour. 

This proceeding requires a good light ; therefore, the 
best way is for the miller to observe to what degree of 
poorness he may reduce his tail flour, of middlings, so as 
to be safe ; by which means he may jud^e with much 
more safety in the night. But the quahty of the tail 
flour, middlings, &c., will greatly vary m different mills ; 
for those that have the late improvements for bolting over 
the tail (lour, grinding over the middlings, &c., can make 
nearly all into supei^ne : whereas, in those that have 
them not — the quality that remains next to superfine, is 
common or fine flour ; then rich middlings, ship stuff, 
&c. Those who have experience will perceive the dif- 
ference in the profits. It the flour feel soft, dead and 
oily, yet is white, it shows the stones to have been dull, 
and too much pressure used. If it appears lively, yet 
dark-coloured, and too full of very fine specks, it shows 
the stones to have been rough and sharp, and that it was 
ground high and bolted too closely. 



CHAPTER XVIII. 
Direcliom far keeping the mill, and the busine$s of it in 
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as follows. In the day-time they both attend to business, 
bat one of them has the chief direction. The night is 
divided into two watches, the first of which ends at one 
o'clock in the morning, when the master miller should 
enter on his watch, and continue till da^-light that he 
may be ready to direct other hands to their business ear* 
ly. The first thing he should do, when his watch be- 
gins, is to see whether the stones are grinding, and the 
cloths bolting well. And, secondly, he should review 
all the moving gudgeons of the mill, to see whether any 
of them want grease, &c. ; for want of this, the gudgeons 
often run dry, and heat, which bring on heavy losses in 
time and repairs; for when they heat, they get a little 
loose, and the stones they run on crack, after which they 
cannot be kept cool. He should also see what quantity 
T)f grain is over the stones, and if there be not enough to 
supply them till morning, set the cleaning machines in 
motion. ' 

All things being set right, his duty is very easy — he 
has only to see to the machinery, the grinding, and bolt- 
ing once in an hour ; he has, therefore, plenty of time to 
amuse himself by reading, or otherwise. 

Early in the morning all the floors should be swept, 
and the flour dust collected ; the casks nailed, weighed, 
marked, and branded, and the packing begun, that it 
may be completed in the forepart of the day; by this 
means, should any unforeseen thing occur, (here will be 
spare time. Besides, to leave the packing till the after* 
noon, is a lazy practice, and keeps the business out of 
order. 

When the stones are to be sharpened, every thing ne- 
cessary should be prepared before the mill is stopped, 
(especially if there be but one pair of stones to a water- 
wheel) that as little time as possible may be lost: the 
picks should be made quite sharp, and not be less than 
12 in number. Things being ready, the miller is then 
to take dp the stone ; set one hand to each, and dress 
them as soon as possible, that they may be set to work 
again ; not forgetting to grease the gears and spindle foot. 

In the after part of the day, a sufficient quantity of 
grain is to be cleaned down, to supply the stones the 
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whole night; becaase it \b best to have nothing more to 
do in the night, than to attend to the grinding, bolting, 
gudgeons, £u>. 



ARTICLE 117. 

PECULIAR ACCIDENTS BY WHICH MILLS ARE SUBJECT TO 
CATCH FIRE. 

1. There being many moving parts in a mill, if any 
piece of timber fall, and lie on any moving wheel, or 
shaft and the velocity and pressure be ffreat, it will ge- 
nerate fire, and perhaps consume the mill. 

2. Many people use wooden candlesticks, that may be 
set on a cask, bench, or the floor, and forgetting them, 
the candle burns down, sets the stick, cask, &c., on fire, 
which, perhaps, may not be discovered until the mill is 
in a flame. 

3. Careless millers sometimes stick a candle to a cask, 
or post, and forget it, until it has burnt a hole in the post, 
or set the cask on fire. 

4. Great quantities of grain sometimes bend the floor 
so as to press the head blocks against the top of the up- 
right shafts, and generate fire, (unless the head blocKs 
have room to rise as the floor settles :) mill-wrights shonM 
consider this, and be careful to tzuard atrain^t il as they 
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ARTICLE 118. 
OBSERVATIONS ON DIFROVING MILL-SEATS. 

I may end this part with a few observations on im« 
proving mill-seats. The improvement of a millnseat at a 

Seat expense, is an undertaking worthy of mature deli- 
ration, as wrong steps may increase it 10 per centum, 
and the improvement be incomplete : whereas, right steps 
may reduce it 10 per centum, and render them perfect. 

Strange as it may appear, it is yet a real fact, that 
those who have least experience in the milling business, 
frequently build the best and most complete mills. The 
reasons are evident — 

The professional man is bound to old systems, and re- 
lies on nis own judgment in laying all his plans; whereas, 
the inexperienced man, being conscious of his deficiency, 
is perfectly free from all prejudice, and is disposed to 
call on all his experienced friends, and- to collect all the 
improvements that are extant. 

A merchant who knows but little of the miller's art, 
or of the structure or mechanism of mills is naturaHy led 
to the following steps ; namely : 

He calls several of the most experienced millers and 
mill-wrights, to view the seat separately, and point^out 
the spot for the mill-house, dam, &c., and notes their rear 
86nings. The first, perhaps, fixes on a pretty level spot 
for the mill-house, and a certain rock, that nature seems 
to have prepared to support the breast of the dam, and an 
easy place to dig the race, mill-seat, &c. 

The second passes by these places without noticing 
them ; explores the stream to the boundary line; fixes on 
another place, the only one he thinks appointed by na- 
ture for building a lasting dam, the foundation a solid 
rock, that cannot be undermined by the tumbling water; 
fixing on a rugged spot for the seat of the house ; assign- 
ing tor his reasons, that the whole fall must be taken in, 
that all may be ri^ht at a future day. He is then -in- 
formed of the opinion of the other, against which be 
gives substaptial reasons. 
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The mill-wriffht, carpenter, and mason, who are to qd- 
dertake the buiidiDg, are now called together, to view the 
seat, fix on the spot ifor the house; dam, &c. After their 
opinion and reasons are heard, they are informed of the 
opinions and reasons of the others; all are joined U^e- 
ther, and the places are fixed on. They are then desired 
to make out a complete draught of the plan for the house, 
&c., and to spare no pains; but to alter and improve on 
paper, till all appear to meet right, in the simplest and 
most convenient manner, (a week may be thus well spent,} 
making out complete bills of every piece of timber, the 
quantity of boards, stone, lime, &c., a bill of iron work, the 
number of wheels, their diameters, number of cogs, &c., 
&c., and every thing else required in the whole work 
Each person can then make out his charge, and the costs 
can be very nearly counted. Every species of materials 
may be contracted for, to be delivered in due time: the 
work then goes on regularly without disappointment; 
and when done the improvements are complete, and a 
considerable sum of money saved. 




PART THE FIFTH. 



CHAPTER XIX. 

tactical Instructions for building MillSj nnth all their 
firopartions, suitahk to aU falls, of from three to thirty- 
six feet. JReceived from Thomas Elhcott^ Mtt-nmght. 



PREFATORY REMARKS. 

This part, as appears from the heading, was writtea 
f Mr. Thomas Ellicot; a part of his preface, published 
I the early editions of this work, it has been thought 
»t to omit. After some remarks upon the defective 
)eration of mills upon the old constructioni he proceeds 
say — 

In the new way, all these inconveniences and disad- 
intages are completely provided against: (See Plate 
XII.,) which is a representation of the machinery, as ap- 
ied in the whole process of the manufacture ; taking the 
-ain from the ship or wagon, and passing it through the 
hole process by water, until it is completely manufac- 
ired into superfine flour. This is a mill of my planning 
id draughting, now in actual practice, built on Occo- 
jam river, in Virginia, with 3 water wheels, and 6 pair 
'stones. 

If the wheat come by water to the mill, in the ship Z, 
is measured and poured into the hopper A, and thence 
iQveyed into the elevator at B, which elevates it, and 
x>ps it into the conveyer C D, which conveys it along 
ider the joists of the second floor, and drops it into the 
)pper garner at D, out of which it is conveyed into the 
24 
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main wheat elevator at E, which carries it up into the 
peak of the roof, and delivers it into the rolling-screen 
at F, which (inthis plan) is abov6 the collar beams, oat 
of which it falls into the hopper G, thence into the short 
elevator at H, which conveys it up into the fan I, from 
whence it runs down slanting, into the middle of the long 
conveyer at J, that runs towards both ends of the mil^ 
and conveys the grain, as cleaned, into any garner 
K K K K K K, over all the stones, which is done by shift- 
ing a board under the fan, to guide the grain to either 
side of the cog-wheel J ; and although each of these gar- 
ners should contain 2000 bushels of wheat, over each pair 
of stones 12000 bushels in six garners, yet nearly all may 
be ground out without handling it, and the feed of the 
stones will be more even and regular than is possible in 
the old way. As it is ground by the several pairs of 
stones, the meal falls into the conveyer at M M M, and 
is conveyed into the common meal elevator at N, which 
raises it to O ; from thence it runs down the hopper-boy 
at P, which spreads and cools it over a circle of 10 or 
15 feet diameter, and (if thought best) will rise over it, 
and form a heap two or three feet high, perhaps thirty 
barrels of flour, or more at a time, which may be bolted 
down at pleasure. When it is bolting, the hopper-boy 
gathers it into the bolting hoppers at Q, and attends them 
more regularly than is ever done by hand. As it is bolt- 
ed, the conveyer R, in the boUom of the superfine obeit« 
the superfine flour to a hole through the floor at 
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As much of the tail of the superfine reels 37 as we 
think will. pass inspection, we suffer to pass on into the 
8h.ort elevator, (by shutting the gates at the bottom of the 
conveyor next the elevator, and opening one farther to- 
wards the other end.) The rubblings, which fall at the 
tail of said reels, are also hoisted into the bolting hoppers 
of the sifting reel 39, which is covered with a fine cloth, 
to take out all the fine flour dust, which will stick to the 
bran in warm damp weather ; and all that passes through 
it is conveyed by the conveyer 40, into the elevator 41, 
which elevates it so high that it will run freely into the 
hopper-boy at O ; and is bolted over again with the 
ground meal. The rubblings, that fall at the tail of the 
sifting reel 39, fall into the hopper of the middlings' reel 
42; and the bran falls at the tail into the lower story. 
Thus, you have it in your power, either by day or night, 
without any hand labour, except to shift the sliders, or 
some such trifle, to make your flour to suit the standard 
quality; and the greatest possible quantity of superfine 
is made out of the grain, and finished completely at one 
operation. 

Agreeably to request, I shall now attempt to show the 
method of making and putting water on the several kinds 
of water wheels commonly used, with their dimensions, 
&c., suited to falls and heads of from 3 to 36 feet. I 
have also calculated tables for gearing them to mill-stones; 
and made draughts* of several water wheels with their 
forebays, and manner of putting on the water, &c. 

THOMAS ELLICOTT. 

' * AH my draa^hU are Ukcn from a fcale of eight feet to an incb^ except Plate 
XVII, which ifl four feet to an loch. 
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whole night; because it is best ta have nothiog more to 
do in the night, than to attend to the grinding, bolting, 
gudgeons, £o. 



ARTICLE 117. 

PECULIAR ACCIDENTS BY WHICH MILLS ARE SUBJECT TO 
CATCH FIRE. 

1. There being many moving parts in a mill, if any 
piece of timber fall, and lie on any moving wheel, or 
shaft and the velocity and pressure be ^reat, it will ge- 
nerate fire, and perhaps consume the mill. 

2. Many people use wooden candlesticks, that may be 
set on a cask, bench, or the floor, and forgetting them, 
the candle burns down, sets the stick, cask, &c., on fire, 
which, perhaps, may not be discovered until the mill is 
in a flame. 

3. Cai^less millers sometimes stick a candle to a cask, 
or post, and forget it, until it has burnt a hole in the post, 
or set the cask on fire. 

4. Great quantities of grain sometimes bend the floor 
so as to press the head blocks against the top of the up- 
right shaflSp and generate fire, (unless the head blocks 
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the feWs are less so as to make the same number of revo- 
lutions in a minute ; but this wheel requires more water 
than a breast-mill, with the same fall. 

Fig. 6 is the forebay, gate, shute, and fall. Forebays 
should be wide, in proportion to the quantity of water 
they are to convey to the wheels, and should stand 8 or 
10 feet in the bank, and be firmly joined, to prevent the 
water from breaking through; which it will certainly do, 
unless they be well secured. 



ARTICLE 120. 
DIRECTIONS FOR MAKING FOREBAYS. 

The best way with which I am acquainted, for making 
this kind of forebays, is shown in Plate XVII., fig. 7. 
Make a number of solid frames, each consisting of a sill, 
two posts, and a cap; set them cross-wise, (as shown in 
the Dgure,) 2^ or 3 feet apart; to these the planks are to 
be spiked, for there should be no sills lengthwise, as the 
water is apt to find its way along them. The frame at 
the head next the water, and one 6 or S feet downwards 
in the bank, should extend 4 or 5 feet oh each side of the 
forebay into the bank, and be planked in front, to pre- 
vent the water, and vermin, from working round. Both 
of the sills of these long frames should be well secured, 
by driving down plank, edge to edge, like piles, along 
the upper side, from end to end. 

The sills being settled on good foundations, the earth 
or gravel must be rammed well on all sides, full to the 
top of the sills. Then lay the bottom with good, sound 
plank, well jointed and spiked to the sills. Lay your . 
abate, extending the upper end a little above the point 
of the gate when full drawn, to guide the water in a right 
direction to the wheel. Plank the head to its proper 
height, minding to leave a suitable sluice, to guide the 
water smoothly down. Fix the gate in an upright posi- 
tion — hang the wheel, and finish it off, ready for letting 
oa the water. 

24* 
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A rack must be made across the atceamt to keep off the 
floatiDff matter that would break the floats and buckets 
of undershot, breast, and pitch-back wheels, and injure 
the gates. (See it at the head of the forebay, fig. 7, Plate 
XYII.) This is done by setting a frame 3 feet in front 
of the forebay, and laying a sill 2 feet in front of it, for the 
bottom of the rack ; in it the slaves are put, made of laths, 
set edgewise with the stream, 2 inches apart, their upper 
ends nailed to the cap of the last frame ; which causes 
them to lean down stream. The bottom of the race must 
be planked between the forebay and rack, to present the 
water from making a hole by tumbling through the rack 
when choked ; and the sides must be planked outside of 
the post to keep up the banks. This rack must be twice 
as long as the forebay is wide, or else the water will not 
come tast enough through it to keep the head up ; for the 
head is the spring of motion of an undershot mill. 



ARTICLE 121. 



ON THE PRINCIPLE OF UNDERSHOT MILLS. 



They differ from all others in principle, because the 
water loses all its force by the first stroke against the 
floats; and the time this force is spending, is in propor- 
tioD to the difference of the velocities of the wheel and 
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where the bead is not much higher than the float-boarde ; 
hot I am fully eoavinced that it will not suit high heads. 

Experiments for determining the proper Motion for 
Undershot fVheets. 

I drew a full sluice of water on an undershot wheel 
with ^5 feet head and fall, and counted its revolutions 
per minute ; then geared it to a mill-stone, set it to work 
properly, and again counted its revolutions, and the dif- 
ference was not mere tbaA one-fourth slower. I believe, 
that if I had checked the motion of the wheel tp be equal 
to one-third the motion of the water, the water would 
•have rebounded and flown up to the shaft. . Hence, I 
conclude, that the motion of the water must not be 
checked by the wheel more than one-third, nor less than 
one-fourth, else it will lose in power; for, although the 
wheel will carry a greater load with a slow, than with a 
swift motion, yet it will not produce so great an effect, its 
motion being too slow. And again, if the motion be too 
swift, the load or resistance it will overcome will be so 
much less, that its effect will be lessened also. I conclude, 
that about two-thirds the velocity of the water is the 
proper motion for undershot wheels; the water will then 
spend all its force in the distance of two float-boards. It 
will be seen that I differ greatly with those learned 
authors who have concluded that the velocity of the 
wheel ought to be but one-third of that of the water. To 
confute them, suppose the floats 12 inches, and the column 
of water striking them, 8 inches deep ; then, if two-thirds 
of the motion of this column be checked, it must instantly 
become 24 inches deep, and rebound against the backs of 
the floats, and the wheel would be wallowing in this 
dead water; whereas, when only one-third of its. motion 
is checked, it becomes 12 inches deep, and runs off from 
the wheel in a smooth and lively manner. 
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Directions far gearing Undershot wheels^ IS fed m ditmetor, when 
the itead is above 3 and under 8 Jiet^ unth double gears ; counting 
the head from the point where the water strikes the floats* 

1. For 3 feet head and 18 feet wheel, see 18 feet wheel 
ia the overshot table. 

2. For 3 feet 8 inches head, see 17 feet wheel in do. 

3. For 4 feet 4 inches head, see 16 feet wheel in do. 

4. For 5 feet head, see 15 feet wheel in do. 

5. For 5 feet 8 inches head, see 14 feet wheel inrdo. 

6. For 6 feet 4 inches head, see 13 feet wheel in do. 

7. For 7 feet head, see 12 feet wheel in do. 

The revolutions of the wheels will be nearly equal ; 
therefore 4he gears may be the same. 

The following table is calculated to suit for any sized 
stone, from 4 to 6 feet diameter, different sized water- 
wheels from 12 to 18 feet diameter, and different beads 
from 8 to 20 feet above the point it strikes the floats; and 
to make 5 feet stones revolve 88 times; 4 feet 6 inch stones 
97 times; and 4 feet stones 106 times in a minute, when the 
water-wheel moves two-thirds the velocity of the striking 
water. 

mill-wright's table for undershot bulls, single 

GEARED. 
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Note that there are nearly 60 cogs in the cog-wheel, 
in the foregoing table, and 60 inches is the diameter of a 
5 feet stone : therefore it will do, withoat sensible error, 
to put one coff more in the wheel for every inch that the 
ftond is less than 60 inches diameter, down to 4 feet ; the 
trandle head and water wheel remaining the sanoe; and 
for every three inches that the stone is larger than 60 
inches in diameter, put 1 round more in the trundle, and 
the motion of the stone will be nearly right up to 6 feet 
diameter. 



ARTICLE 122. 
OF BREAST WHEELS. 

Breast wheels differ but little in their structure or mo- 
tion from overshot, excepting onlj^, that the water passes 
under, instead of over them, and they must be wider in 
proportion as their fall is less. 

Fig 1, Plate XIV., represents a low breast with 8 feet 
head and fall. It should be 9 inches wide for every foot 
of the diameter of the stone. Such wheels are generally 
IS feet diameter ; the number and dimensions of their 
parts being as follows: 8 arms 18 feet long, 3^ by 9 
inches; 16 shrouds 8 feet long, 2| by 9 inches; 56 buck- 
ets; and shaft, 2 feet diameter. 

Fig. 2 shows the forebay, water-gate, and fall, and 
manner of striking on the water. 

Fig. 3 is a middling breast wheel, IS feet diameter,, 
with 12 feet head and fall. It should be 8 inches wide 
for every foot the stone is in' diameter. 

Fig. 4 shows the forebay, gate, and fall, and manner of 
striking on the water. 

Fig. 5 and 6, is a high breast wheel, 16 feet diameter^ 
with 3 feet head in the forebay, and 10 feet fall. It 
should be 7 inches wide for every foot the stone is in 
diameter. The number and dimensions of its parts are 6 
arms, 16 feet long, 3| by 9 inches; 12 shrouds, 8 feet 6 
inches long, 2^ by 8 or 9 inches deep, and 48 buckets. 
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whole night; because it is best to have nothing more to 
do in the night, than to attend to the grinding, bolting, 
gudgeons, £o. 



ARTICLE 117. 

PECULIAR ACCIDENTS BY WHICH MILLS ARE SUBJECT TO 
CATCH FIRE. 

1. There being many moving parts in a mill, if any 
piece of timber fall, and lie on any moving wheel, or 
shaft and the velocity and pressure be great, it will ge- 
nerate fire, and perhaps consume the mill. 

2. Many people use wooden candlesticks, that may be 
set on a cask, bench, or the floor, and forgetting them, 
the candle burns down, sets the stick, cask, &c., on fire, 
which, perhaps, may not be discovered until the mill is 
in a flame. 

3. Cai^less millers sometimes stick a candle to a cask, 
or post, and forget it, until it has burnt a hole in the post, 
or set the cask on fire. 

4. Great quantities of grain sometimes bend the floor 
so as to press the head blocks against the top of the up- 
right shafts, and generate fire, (unless the head blocks 
have room to rise as the floor settles :) milUwrights should 
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Dimensions of this wheel, 8 arms 18 feet long, 3 by 9 
inches; 16 shrouds 7 feet 9 inches long, 2| by 7 or 8 
inches; 56 buckets ; and shaft 24 inches diameter. 

Fig. 4 represents the penstock and trunk, &c., the 
water being let on the wheel by drawing the gate 6. 

Fig. 1 and 2, Plate XVI, represents a low overshot, 
12 feet diameter, which should be in width equal to the 
diameter of the stone. Its parts and dimensions are, 6 
arms 12 feet long, 3 i by 9 inches; 12 shrouds 6| feet 
long, 2i by 8 inches ; shaft 22 inches diameter, and 30 
buckets. 

Fig. 3 represents a very high overshot 30 feet diame- 
ter, which should be 3| inches wide for every foot of the 
diameter of the stone. Its parts and dimensions are, 6 
main arms, 30 feet long, 3| inches thick, 10 inches wide 
at the shaft, and 6 at the end ; 12 short arms 14 feet long, 
of equal dimensions ; which are framed into the main 
arms near the shaft, as in the figure, for if they were all 
j^ut through the shaft, they would make it too weak. 
The shaft should be 27 inches diameter, the whole being 
very heavy and bearing a great load. Such high wheels 
require but little water. 



CHAPTER XX. 

ARTICLE 125. 
OF THE MOTION OF OVERSHOT WHEELS. 

After trying many experiments, I concluded that the 
circumference of overshot wheels geared to mill-stoneS| 
grinding to the best advantage, should move 550 feet in 
a minute ; and that of the stones 1375 feet in the same 
time : that is, while the wheel moves 12, the stone moves 
30 inches, or in the proportion of 2 to 5. 

Then, to find how often the wheel we propose to make, 
will revolve in a minute, take the following steps: 1st, 
Find the circumference of the wheel by multiplying the 
diameter by 22, and dividing by 7, thus : 



S88 



Of OBIdttMl 



Soppoie the diameter to be 16 feet, 1 
theoi 16 mQltiplied bj 28, prodaoes i 
352, whicbt divided by 7, gives 50 3-7 f 
for the droumference. J 



By which we divide 550, the die- ^ 
tance the wheel moves in a minute, 
and it gives 11, for the revolutions of 
the wheel per minute, casting ofif the 
fraction 2-7, it being small. 

To find the revolutions of the stone 1 
per minute, 4 feet 6 inches (or 54 
inches) diameter, multiply 54 inches 
by 22, and divide by 7, and it gives 
169 5-7 (say 170) inches, the circum- 
ference of the stone. 



By which divide 1375 feet, or 16500 ^ 
inches, the distance the skirt of the i 
stone should move in a minute, and it y 
gives 97; the revolution of a stone 
per minute, 4^ feet diameter. 



IS 



7(1 



5es.7 
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54 

los 

lOS 
7)IISS 

105.7 
IS75 

17,0)1650,0(97 
' 153 ' 

IS 
119 
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Suppose we choose 66 cogs in the big 
cog-wheel and 48 in the little one» and 
25 rounds in the wallower, and 15 in 
the trundle. 

Then to find the revolutions of the 
atone for one of the water-wheels, mul- 
tiply the cog-wheels together, and the 
wallower and trundle together, and di- 
vide one product by the other, and it 
will give the answer, S^fJ, not quite 8 J 
revolutions, instead of 9. 



35 
15 

"l25 
95 

375 

66 • 

48 



375)3168(8 168^5 
3000 

168 



We must, therefore, devise another proportion — CJon- 
sidering which of the wheels we had best alter, and wish- 
ing not to alter the big cog-wheel or trundle, we put one 
round less in the wallower, and two cogs more in the lit- 
tle cog-wheel, and multiplying and dividing as before, we 
find the stone will turn 9^ times for once of the water- 
vrheel, which is as near as we can get. The mill now 
stands thus, a 16 feet overshot-wheel, that will revolve 11 
times in a minute, geared to a stone 4^ feet in diameter; 
the big cog-wheel 66 cogs, 4| inches from centre to centre 
of the cogs; (which we call the pitch of the gear) little 
cog-wheel 50 cogs, 4| pitch; wallower 24 rounds, 4| 
pitch ; and trundle 15 rounds, 4^ inches pitch. 

ARTICLE 127. 



RULES FOR FINDING THE DIAMETER OF THE PITCH CIRCLES. 



To find the diameter. of the pitch " 
circle, that the cogs stand in, multiply 
the number of cogs by the pitch, which 
gives the circumference; this, multi- 

Slied by 7, and divided by 22, gives the 
iameter in inches; which, divided by 
12, reduces it to feet and inches; thus: 



66 

H 

364 
33 

"»7 
7 

2%2079(94j Id. 
198 

99 
88 
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For the cog-wheel of 66 cogs; and 4 J inches pitch, we 
find 7 feet 10 J inches to be the diameter of the pitch cir- 
cle ; to which I add 8 inches, for the ootside of the cogs, 
which makes 8 feet 6| inches, the diameter from cot to 
out. 

By the same rules, I find the diameters of the pitch 
circles of the other wheels to be as follows ; namely : — 

I add, for the outside of the circle, 7| 



Total diameter from out to out, 6 3 

Wallower 24 rounds, 4* inches 7 o n ? * a 

pitch, ^ 2 Hi A do. 

Aad, for outsides, 3^1 do. 

Total diameter from the outsides, 3 3 

Trundle head 15 rounds, 4*7 i qi j 

inches pitch, 5 ^ ®iA ^^• 

Add, for outsides, 21 n 

Total diameter for the outsides, 1 11 

Thus we have completed the calculations for one millf 

with a 16 feet overshot water-wheel, and stones 4| feet 

diameter. By the same rules we may calculate for 
wheels of all sizes from 12 to 30 feet, and stones from 4 
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ARTICLE 128. 

MILL-WRIGHTS' TABLES. 

Calculated to suit overshot water-wheels with suitable 
heads above them, of all sizes, from 12 to 30 feet diame- 
ter, the velocity of their circumferences being about 550 
feet per minute, showing the number of eogs and rounds 
in all the wheels, double gear, to give the circumference 
of the stone a velocity of 1375 feet per minute, also the 
diameter of their pitch circles, the diameter of the out- 
sides, and revolutions of the water-wheel, and stones per 
minute. 

For particulars, see what is written over the head of 
each table. Table I. is to suit a 4 feet stone. Table II. 
a 4|, Table III. a 5 feet, and Table IV. a 51 feet stone. 

N. B. If the stones should be an inch or two larger or 
less than those above described, make use of the table 
that comes the nearest to it, and likewise for the wate^- 
wheels. For farther particulars see " Draughting Mills." 

Use of the following Tables. 

Having levelled your mill-seat, and found the total fall, 
after making due allowances for the fall in the races, and 
below the wheel, suppose there be 21 feet 9 inches, and 
the mill stones be 4 feet in diameter, then look in Table 
L (which is 4 feet stones,) column 2, for the fall that 
is nearest ^ours, and you find it in the 7th example ; and 
against it in column 8, is 3 feet, the head proper to be 
above the wheel ; ip column 4 is 18 feet, for the diameter 
of the wheel, &c , for all the proportions of the gears to 
make a steady moving mill ; the stones to revolve 106 
times in a minute.^ 

* The fbllowinj^ tables are calcalated to give the stonefl the rerolationt per minute 
nentioned in them, as near a^ any suitable number of cogs and roands woold per- 
mit, which motion I find is 8 or 10 re?olations per minate slower than p r opose d 
by Evans, in his table ;— his motion may do best in cases where there is plenty of 
power, and steady work on one kind of grain; bnt, in country miDs, where they are 
eoqtinually changing from one kind to another, and oflen startin|r and stopping, I 
fNVBuroe a slow motion will work most regularly. His table being calculated for 
nnXw one sixe of mill-stones, and mine for four, any one choosing his motion, may 
look for the width of the water-wheel, number of cogs, and rounds and sixe of tM 
wheels to suit them, in the next example following, keeping to my table in other 
reepeets, and yon will ha?e his motion nearly. 
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TABLES, &e. 



TABLE I.— For Oferthot Mills wiih StonM 4 ftet diameter, to rerolve 106 timet 
in a minate, pitch of the gear of the great cog-wheel aud wallowers H inches* and 
of lesser eog-whed and trwidle 4^ iocbee. 
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L£ IL— For OTerthot BCilb, with Atones 4 feet 6 inches diameter, to revolfo 
99 timet in a minate^ pitch of the gears 4} and H inches. 
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TABLES^ A«. 

5 ftet dUmeter, to rerolfv S9 tiUMf in a miiiiite, the pitch of 
gean 4^ and 4} hichea. 




TABLES, &c 
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TABLE IV.^For Orershot Mills with Stones 5 feet 6 inches diameter, to rerolve 
80 times in a minate, pitch of the gears 4} inches and 4^ inches. 
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CHAPTER XXI. 

ARTICLE 129. 

DIB£CTI0N8 FOE CONSTmUCTING UNDERSHOT WHCELSy SUCH AS SBOWV 
IN FIGURE 1, PLATE XIII. 

1. Dress the arms straight and square on all sides, and 
find the centre of each; divide each into 4 equal parts on 
the side, square, centre, scribe, and guage them from the 
upper side across each point, on both sides, 6 laches each 
way from the centre. 

2. Set up a truckle or centre post, for a centre to fr^me 
the wheel on, in a level piece of ground, and set a stake 
to keep up each end of the arms level with the truckle, 
of convenient height to work on. 

3. Lay the first arm with its centre on the centre of 
the truckle, and take a square notch out of the upper side 
3-4th8 of its depth, wide enough to receive the 2d arm. 

4. Make a square notch in the lower edge of the Sd 
arm, 1-4 of its depth, and lay it in the other, and they 
will joint, standing square across each other. 

5. Lay the 3d arm just equi-distant between the others, 
and scribe the lower arms by the side of the upper, and 
the lower edge of the upper by the sides of the lower 
arms. Then take the upper arm off and strike the square 
scribes, taking out the lower half of the 3d arm, and the 
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towards the centre hole, to scribe the ends of the shroads 

8. Circle both edges of the shrouds by the sweep, dress 
then^ to the proper width and thickness ; lay out the laps 
5 inches lotfg; set a guage to a little more than one-third 
their thickness ; guage all their ends for the laps from 
the outsides; cut them all out but the last, that it may 
be made a little longer, or shorter, as may suit to mal^e 
the wheel the right diameter; sweep a circle on the arms 
to lay the shrouds to, while fitting them ; put a small 
draw-pin in the middle of each lap, to draw the joints 
close; strike true circles both for the inside and outside 
of the shrouds, and 1| inoh from the inside, where the 
arms are to be let in. 

9. Divide the circle into 8 equal parts, coming as near 
the middle of each shroud as possible; strike a scribe 
across each to lay out the notch by, that is to be*cut 1| 
inch deep, to let in the arm at the bottom, where it is to 
be forked to take in the remainder of the shroud. Strike 
a scribe on the arms with the same sji^eep that the stroke 
for the notches on the shrouds was struck with. 

10. Scribe square down on each side of the arms, at the 
bottom, where they are to be forked ; make a guage to fit 
the arm» ; so wide as jusft to take in the shrouds, and 
leave 1 1 inch of wood outside of the mortise ; bore 1 or 2 
holesTthrousrh each end of the arms to draw-pin the 
shrouds to the arms when hung ; mark all the arms and 
shrouds to their places, and take them apart. 

11. Fork the arms, put them together again, and put 
the shrouds into the arms ; draw-bore them, but not too 
much, which would be worse than toolittl.e; take the 
shrouds apart again, turn them the other side up, and 
draw the joints together with the pins, and lay ou^ the 
notches for 4 floaty between each arm, 32 in all, Targe 
enough for admitting keys to keep them fast, but allow- 
ing them to drive in when any thing gets under the 
wheel. The ends of the floats must be dove-tailed a lit- 
tle into the shrouds; when one side is framed, frame the 
other to fellow it. - This done, the wheel is ready to 
hang, but remember to face the shrouds between the arms 
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with inch boards, nailed on with strong nails, to keep the 
wheel firmly together. 



ARTICLE 130. 
DIRECTIONS FOR DRESSING SHAFTS, &C. 

The shaft for a water wheel with 8 arms should be 16 
square, or 16 sided, about 2 feet diameter, the tree to 
make it being 2 feet 3 inches at the top end. When cut 
down, saw it off square at each end, and roll it on level 
skids, and if it be not straight, lay the rounding side down 
and view it, to find the six)t for the centre at each end. 
Set the large compasses to half its diameter, and sweep 
a circle at each end, plumb aline across each centre, and 
at each. side of the circle, striking chalk lines over the 
pilumb lines at each side from end to end, and dress the 
sides pliimb to these lines ; turn it down on one side, set- 
ting it level; plumb, line, and dress off the sides to a 4 
square; set it exactly on one corner, and plumb, line, and 
Aress off the corner to 8 square. In the same manner 
dress it to 16 square. 

To out it square off to its mxnc\, length, stick a peg in 
the centre of each end, take a long square, (which may 
be made of boards,) lay it along the corner, the short end 
against the end of the peg, mark on the square wkere the 
shaft is to be cut, and mark the shaft hj it at everT cor- 
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itrike a line from each of thetn, from end to end, in the 
middle of the sides ; measure from the top end about 3 
Feet, and mark for the arm of the water-wheel, and the 
width of the wheel, and make another mark. Take a 
itraight-edged 10 feet pole, and put the end even with 
the end of the shaft, ana mark on it even with the marks 
3n the shaft, and by these marks measure for the arm at 
every corner, marking and lining all the way round- 
Then take the uppermost arms of each rim, and by them 
lay out the mortises, about half an inch longer than they 
ure wide, which is to leave key room ; set the compasses 
k little more than half the thickness of the arms, and set 
0D6 foot in the centre line at the end of the mortise, 
striking a scribe each way to lay out the width by ; this 
done, la,^ out 2 more on the opposite side, to complete 
the mortises through the shaft. Lay out 2 more, square 
across the first, one-quarter the width of the arm longer, 
inwards, towards the middle of the wheel. Take notice 
which way the locks of the arms wind, whether to right 
or left, and lay out the third mortises to suit, else it will 
be a chance whether they suit or not : these must be half 
the width of the arms longer, inwards. 

The 4th set of mortises must be three-fourths longer in- 
wards thau the width of the arms ; the mortises should be 
made rather hollowing than rounding, that the arms may 
slip in easily and stared fair. 

If there be 3 (which are called 6) arms to the cog- 
wheel, but one of them can be put through the sides of 
the shaft fairly ; therefore, to lay out the mortises, divide 
the end of the shaft anew, into but 6 equal parts, by 
striking a circle on each end ; and without altering the 
compasses, step from one of the old lines, six steps round 
the circle, and from these points strike chalk lines^nd 
they will be the middle of the mortises, which may be 
laid out as before, minding which way the arms fock, and 
making two of the mortises one-third longer than the 
width of the arm, extending one on one side, and the 
other ocrthe other side of the middle arm. 

If there be but 2 (called 4) arms in the cog-wheel, 
(which will do where the number of cog^ does not exceed 
60) they will pass fairly through the sides, whether the 
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shafts be 12 or 16 sided. One of these must be made one- 
half longer than the width of the arms, to give room to 
put the arm in. 



ARTICLE 132. 
TO PUT IN THE GUDGEONS. 

Strike a circle on the ends of the shaft to let on the 
end bands; make a eircle all round, 2| feet from each 
end, and saw a notch all round, half an inch deep. Lay 
out a square, round the centres, the size of the gudgeoof, 
near the neck ; lay the gudgeons straight, on the shaft and 
scribe round them for their mortises; let them down with- 
in one-eighth of an inch of being in the centre. Dre« 
off the ends to suit the bands ; make 3 k^ys of good, m9t 
soned white oak, to fill each mortise above the gadgeoos, 
to key them in, those next to the gudgeons to be S| 
inches deep at the inner end, and 1| inch at their outer 
end, the wedge or driving key 3 inches at the head, and 
6 inches longer than the mortise, that it may be cut off, 
if it batter in drivinc^; the piece next the band so wide 
as to rise half an inch above the shaft, when all are laid 
in. Then take out all the keys ^nd put on the bandsi 
and make 8 or 12 iron wedges about 4 inches looK Iqr S 
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ARTICLE 133. 
OF COG-WHEELS. 

The great face cog-wheels require 3 (called 6) arms, if 
the number of cogs exceed 54 ; if less, 4 will do. We find 
by the table, example 43, that the cog-wheel must have 
69 cogs, with 4| inches pitch, the diameter of its pitch 
circle 8 feet 2^ inches, and of its outsides 8 feet 10^ inches. 
It requires 3 arms, 9 feet long: 14 by 3| inches; 12 cants, 
6| feet long, 16 by 4 inches. (See it represented, fig. 1, 
Plate XVII.) 

To frame it, dress and lock the arms together, fig. 6, 
Pi. XVII.) as directed, Art, 129, only mind to leave one- 
third of each arm uncut, and to lock them the right way 
to suit the winding of the mortises in the shaft, which is 
best found by putting a strip of board in the middle mor- 
tise, and supposing it to be the arm, mark which way it 
should be cut, then apply the board to the arm, and mark 
it. The arms being laid on a truckle, as directed, Art 
129, make a sweep, the sides directing to the centre, 2 
feet from the outer end to scribe by ; measure on the 
sweep, half the diameter of the wheel ; and by it circle out 
the back edges of the cants, all of one width in the middle ; 
dress them, keeping the best faces for the face side of 
the wheel ; make a circle on the arms half an inch larger 
than the diameter of the wheel, laying 3 of the cants 
with their ends on the arms, at this circle, at equal dis- 
tances apart. Lay the other three on the top of them 
so as to lap equally ; scribe them both under and top, and 
gange all for the laps from the face side ; dress them oat 
and lay them together, and joint them close ; draii-pin 
them by an inch-pin near their inside corners: this makes 
one-half of the wheel, shown fig. 5. Raise the centre 
level with that half; strike a circle near the outside, and 
find the centre of one of the cants: then, with the sweep 
that described the circle, step on the circle 6 steps, be- 
ginning at the middle of the cant, and these steps will 
show the middle of all the cants, or places for the arms. 
Make a scribe from the centre across each ; strike another 
26 
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circle exactly at the corners, to place the corners of the 
next half by, and another about 2j^ inches farther out than 
the inside of the widest part of the cant, to let the arms 
in by ; lay on three of the upper cants, the widest part 
over the narrowest part of the lower half, the inside to 
be at the point where the corner circle crosses the cen- 
tre lines. Saw off the ends, at the centre scribes, and fit 
them down to their places, doing the same with the rest. 
Lay them all on, ana joint their ends together : draw-pin 
them to the lower half, by inch pins, 2 inches from their 
inner edges, and 9 inches from their ends. Raise the 
centre level with the wheel ; plane a little of the rough 
off the face, and strike the pitch circle, and another 4 
inches inside, for the width of the face; strike another 
very near it, in which drive a chisel, half an inch deep, 
all round, and strike lines, with chalk, in the middle ot 
the edge of the upper cants, and cut out the solid, half 
of the upper cants, which raises the face; divide the 
pitch circle into 60 equal parts, 4^ inches pitch, begin- 
ning and ending in a joint; strike two other circles each 
2^ inches from the pitch circle, and strike central scribes 
between the cogs, and where they cross the circles put 
in pins, as many as there are cogs, half on each circle: 
find the lowest part on the face, and make the centre le- 
vel with it; look across in another place, square with the 
first, and make it level with the centre also ; then make the 
tace .sUaightf troni the^e lour places, and U u ill be true* 
Stnke tlic nitch circle, luid cln irlr it ovor atmiiL and 
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Strike a circle on the arms one inch less than the dia- 
meter of the shaft, make a key 8 inches long, If thick, 
3| at the butt, and 2| inches at the top end, and by it lay 
out the mortises ; two on each side ot the shaft, in each 
arm, to hang the wheel by. 



ARTICLB 134. 
OF SILLS, SPUR-BLOCKS, AND HEAD-BLOCKS. 

See a side view of them in Plates XIIL, XIV., XV., 
mnd XVI., and a top view of them, with their keys, at the 
end of the shaft, Plate XVIII. The sills are generally 12 
inches square. Lay them on the wall as firmly as possible, 
mnd one 3 feet farther out; on these lay the spurs, which 
are 5 feet long, 7 by 7 inches, 3 feet apart, notched and 
pinned to the sills: on these are set the head blocks, 14 
by 12 inches, 5 feet long, let down with a dove-tail shoul- 
iler between the spurs, to support keys to move it end- 
wise, and let two inches into the spurs with room for keys, 
to move it sidewise, and hold it to its place ; see fig. 33 
and 34, Plate XVIII. The ends of the shaft are let 2 
inches into the head blocks, to throw the weight more on 
the centre. 

Provide two stones 5 or 6 inches square, very hard 
and clear of grit, for the gudgeons to run on, let them 
into the head blocks, put the cog-wheel into its place, 
and then put in the shaft on the head blocks, in its place. 

Put in the cog-wheel arm, lock them together, and pia 
the wheel to them; then hang the wheel, first by the 
keys to make it truly round, and then by side wedges, to 
make it true in face ; turn the wheel, and make two cir- 
cles, one on each side of the cog-mortises, half an inch 
from them, so that the head of the cogs may stand be- 
tweefi them equally. 
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ARTICLE 135. 

OF COGS ; THE BEST TIKE FOB CUTTING, AND MANNER OF SEASONING 

THEM. 

Cogs should be cut 14 inches long, and 3| inches square: 
this should be done when the sap runs at its fullest, at 
least a year before they are used, that they may dry with- 
out cracking. If either hickory or white oak be cut when 
the bark is set, they will worm-eat, and if dried hastily, 
will crack; to prevent which, boil them, and dry them 
slowly, or soak them in water, a year, (20 years m mud 
and fresh water would not hurt them:) when they are 
taken out, they should be put in a hay-mow, under the 
hay, where, while foddered away, they will dry without 
cracking; but this often takes too long a time. I have 
discovered the following method of drying them in a few 
days, without cracking. I have a malt kiln with a floor 
of laths two inches apart ; I shank the cogs, hang them 
shank downwards, between the laths, cover them with a 
hair cloth, make a wood fire, and the smoke prevents 
them from cracking. Some dry them in an oven, which 
ruins them. Boards, planks, or scantling, are best dried 
in a kiln, covered so as to keep the smoke amongst them. 
Instead of a malt kiln, dig a cave iu the side of a hill, 6 
feet deep, 5 or 6 feet wide, with a post in each corner 
with plates on them, on which lay laths on edge, and pile 
.the cogs OQ end, nearly perpendicular, so that the smoke 
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and dress off the sides; making another pattern of the 
shank, without the head, to scribe the sides and dress off 
the backs by, laying it even with the face, which is to 
have no shoulder ; take care in dressing them off, that the 
axe do not strike the shoulder ; if it do, it will crack there 
in drying, (if they be green ;) fit and drive them in the 
mortises exceedingly tight, with their shoulders foremost, 
when at work. When the cogs arb all in, fix two pieoes 
of scantling, for rests, to scribe the cogs by, one across the 
cog-pit, near the cogs, another in front of them ; fix them 
firmly. Hold a pointed tool on the rest, and scribe for 
the lenj?th of the cogs, by turning the wheel, and saw 
them off 3 1 inches long ; then move the rest close to them, 
and fix it firmly ; find the pitch circle on the end of the 
cogs, and, by turning the wheel, describe it there. 
• Describe another line |th of an inch outside thereof, to 
set the compasses in to describe the face of the cogs b^, 
and another at each side of the cogs to dress them to their 
width : then pitch the cogs by dividing them equally, so 
that, in stepping round, the compasses may end in the 
I>oint where they began ; describe a circle, in some par- 
ticular place, with the pitch, that it may not be lost; 
these points must be as nearly as possible of a proper dis- 
tance for the centre from the back of the cogs; find the 
cog to the back of which this point comes nearest, and 
set the compasses from that point to the back of the cog; 
with this distance setoff the backs of all the cogs equally, 
on the circle, Jth of an inch outside of the pitch circle, 
and from these points, last made, set off the thickness of 
the cogs, which should, in this case, be li inch. 

Then describe the face and back of the cogs by setting 
the compasses in the hindmost point of one cdg, and 
sweeping over the foremost point of another, for the face, 
and in the foremost point of one, sweeping over the hind- 
most of the other, for the back part; dress them off on 
all sides, tapering about |th of an inch, in an inch dis- 
tance ; try them by a gauge, to make them all alike ; take 
a little off the corners, and they are finished. 

86* 
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ARTICLE 137. 
OF THE LITTLE COG-WHEEL AND SHAFT. 

The process of making this is similar to that of the big 
cog*wheeL Its dimensions we find by the table, and the 
same example (43,) to be 52, oogH, 4| pitch ; diameter of 
pitch circle 5 feet 1Q| inches, and from out to out, 6 feet 
6 inchen. 

It requires 2 arms, 6 feet 6 inches long, U by 3^ 
inches; 8 cants, 5 feet 6 inches^ 17 by 3i inches. (See 
it, fig. 4, Plate XVII.) 

Of the Shaft 

Dress it S feet long, 14 by 14 inches square, and de- 
scribe a circle on each end 14 inches diameter ; strike two 
lines through the centre, parallel to the sides, and divide 
the quarters into 4 equal parts, each; strike lines across 
the centre at each part at the end of these lines; strike 
chalk lines from end to end, to hew off the corners by, and 
it will be 8 square; lay out the mortises for the arms, put on 
the bands, and put in the gudgeons^ as with the big shaft 



ARTICLE 138. 
DIRECTIONS FOR MAKING WALLOWERS AND TRL^'DLES. 
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but not too fast, lest they snap ; the same mode serves for 
hooping all kinds of heads. 

Dress the head fair after banding, and strike the pitch 
circle and divide it by the same pitch with the cogs; 
bore the holes for the rounds with an auger of at least l^ 
inch ; make the rounds of the best wood, 2f inches dia- 
meter, and 11 inches between the shoulders, the tenons 
4 inches, to fit the holes loosely, until within 1 inch of 
the shoulder, then drive it tight. Make the mortises 
for the shaft in the heads, with notches for the keys to 
hang it by. When the rounds are all driven into the 
shoulders, observe whether they stand straight ; if not, 
they may be set fair by putting the wedges nearest to one 
side of the tenon, so that the strongest part may incline to 
draw them straight : this should be done with both heads. 



ARTICLE 13^. 

OF FIXING THE HEAJD^BLOCKS AND HANQIXa THE WHEELS. 

The head-blocks, for the wallawer shaft, are shown in 
Plate XVIII. Number 19 is one called a spur, 6 feet 
long and 15 inches deep, one end of which, at 19, is let 
1 inch into the top of tne husk-sill, which sill is 1^ inch 
above the floor, the other end tenoned strongly into a 
strong post, 14 by 14 inches, 12 or 14 feet long, standing 
jj^eSLT the cog-wheel, oo a sill in the bottom of the cog-nit ; 
i|}e top is tenoned into the husk-plank ; these are called 
tfie tomkin posts. Tho other head blocks appear at 20 
and 28. In these large head blocks there are small ones 
let in, that are 2 feet long, and 6 inches square, with a 
stone in each for the gudgeons to run on. That one in 
the spur 19 is made to slide, to put the wallower in and 
out of gear, by a lever screwed to it& side. 

Lay the centre of the little shaft level with the big 
one, so as to put the wallower to gear § the thickness of 
the rounds deep, into the cog-wheel ; put the shaft into 
its place, bang the wallower, and gauge the rounds to 
eqoal distance where the oogs take. Hang the cog-wheel, 
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put ia the cogs, make the trundle as directed for the 
wallower. (See fig. 4, Plate XVIL) 



ARTICLE 140, 



DIRECTIONS FOR PUTTING IN THE BALANCE-RTNE. 

Lay it in the eye of the stone, and fix it truly in the 
centre ; to do v^hich, make a sweep by putting % lonff pia 
through the end, to reach into, and fit, the pivot hole ia 
the balance-ryne ; by repeated trials on the opposite side, 
fix it in the centre ; then make a particular mark on the 
sweep, and others to suit it on the stone, scribe round the 
boms, and with picks and chisels sink the mortises to 
their proper depth, trying, by the particular marks made 
for the purpose, by the sweep, if it be in the centre. Pat 
in the spindle with the foot upwards, and the driver on 
its place, while one holds it plumb. Set the driver over 
two of the horns, if it has four, but between them if it 
has but two. When the neck is exactly in the centre of 
the stone, scribe round the horns of the driver, and let it 
into the stone, nearly to the balance, if it has four horns. 
Put the top of the spindle in the pivot-hole, to try whether 
the mortises let it down freely on both sides. 

Make a tram, to set the spindle square by, as follows^, 
take a piece of board, cut a notch in one side, at oneentf. 
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tly round, aad mark where the quill touches the stone 
first, and dress off the bearing sides of the mortises for 
the driver, until it will touch equally all round, giving 
the driver liberty to move endwise, and sidewise, so that 
the stone may rock an inch either way. The ryne and 
driver must be sunk' Jths of an inch below the face of the 
stone. Then hang the trundle firmly and truly on the 
spindle ; put it in its place, to gear in the little cog-wheel. 



ARTICLE 141. 
TO BRIDGE THE SPINDLE. 

Make a little tram of a piece of lath, 3 inches wide at 
one end, and one inch at the other, make a mortise in the 
wide end, and put it on the cook-head, and a piece of 
quill in the small end, to play round the face of the stone; 
then, while one turns the trundle, another observes where 
the quill touches first, and alters the keys of the bridge- 
tree, driving the spindle-foot toward the part the quill 
touches, until it aoes so equally all round. Case the 
stone neatly round, within 2 inches of the face. 



ARTICLE 142. 
OF THE CRANE AND LIGHTER STAFF. 

Make a crane, with a screw and bale, for taking up 
and putting down the stone. (See it represented in 
Plate XL, fig. 2 and 3.) Set the post out of the way as 
much as possible, let it be 9 by 6 inches in the middle, 
the arm 9 by 6, the brace 6 by 4; make a hole plumb 
over the spindle, for the screw ; put an iron washer on 
the arm under the female screw, nail it fast ; the length of 
the screw in the worm part should exceed half the dia- 
meter of the stone, and it should reach 10 inches below it; 
the bale must touch only at the ends to give the stone 
liberty to turn, the pins to be 7 inches long, li thick, the 
bale to be 2| inches wide in the middle, and 1| inch 
wide at the end; the whole should be made of the best 
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iron ; for if either of them break, the danger would be 
great ; the holes in the stones should be nearest to the up- 
per side of it. Raise the runner by the crane, screw, and 
bale, turn it and lay it down, with the horns of the driving 
ryne in their right places, as marked, it being down, as 
it appears in Plate aXL, fig. 9. Make the lighter staff 
CC, to raise and lower the stone in grinding, about 6 feet 
long, 3i by 2| inches at the large end, and 2 inches 
square at the small end, with a knob on the upper side. 
Make a mortise through the but-end, for the bray-iron to 
pass through, which goes into a mortise 4 inches deep in 
the end of the bray at b, and is fastened with a pin; it 
may be 2 inches wide and half an inch thick, made plain, 
with 1 hole at the lower, and 5 or 6^at the upper end; it 
should be set in a staggering position. This lighter is 
fixed in front of the meal-beam, at such a height as to be 
handy to raise and lower at pleasure ; a weight of 4 lbs. 
is hung to the end of it by a strap, which laps two or 
three times round, and the other end is fastened to the 
post below, that keeps it in its place. Play the lighter 
up and down, and observe whether the stone rises and 
falls flat on the bed-stone ; if it do, draw a little water* 
and let the stone move genlly round ; then see that all 
things be right, and draw a little more water, let the 
stone run at a moderate rate, and grind the faces a few 
minutes. 
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side with hot water, during an hoar or t\#o. Bend it 
round so that the ends meet, and nail the other end to 
the short board, put sticks across inside, in various direc- 
tions, to press out the parts that bend least, and make it 
truly round. Make a cover for the hoop (such as is re- 
presented in Plate XIX., fig. 23 ;) 8 square inside, and 1 
lach outside the hoop. It consists of 8 pieces lapped 
one over another, the black lines showing the joints^ as 
thej appear when made, the dotted lines the under parts 
of the laps. Describe it on the floor, and make a pattern 
to make all the rest by; dress all the laps, fit and nail them 
together by the circle on the floor, and then nail it on 
the hoop ; put the hoop over the stone; and scribe it to fit 
the floor. 



ARTICLE 144. 

OF GBINDING SAND TO FACE THE STONES. 

Lay boards over the hoop to keep the dust from flying, 
and take a bushel or two of dry, clean, sharp sand, teem it 
gently into the eye, while the stone moves at a moderate 
rate, continuing to grind for an hour or two : then take 
up the stones, sweep them clean, and pick the smoothest, 
hardest places, and lay the stone down again, and grind 
more sand as before, turning off the back, (if it be a burr,) 
taking great care that the chisel do not catch ; take up 
the stone again, and make a red staff, equal, in length, 
to the diameter of the stone, and 3 by 2^ inches ; paint 
it with red paint and water, and rub it over the face of 
the stone in all directions, the red will be left on the 
highest and hardest parts, which must be picked down, 
making the bed-stone perfectly plain, and the runner a 
little concave, about Uh of an inch at the eye, and les- 
sening gradually at about 8 inches from the skirt. If 
tbey be close, and have much face, they need not touch, 
or flour* 80 far as if they be open, and have but little 
fitce ; those things are neceesarily left to the judgment of 
th0.flull«-wrigbt and mtllen 
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ARTICLE 145. 



DIRECTIONS FOR LAYING OUT THE FURROWS IN THE STONES^ kc. 

If they be five feet in diameter, divide the skirt into 16 
equal parts, called quarters; if 6 feet, into 18; if 7 feet, 
into 20 quarters. Make two strips of board, one an inch, 
and the other 2 inches wide ; stand with your face to the 
eye, and if the stone turn to the right when at work, lay 
the strip at one of the quarter divi.sions; and the other at 
the left hand side close to the eye, and mark with a flat 
pointed spike for a master furrow: they are all to be laid 
out the same way in both stones, for when their fiaces are 
together, the furrows should cross each other like shears 
in the best position for cutting cloth. Then, haviog not 
fewer than 6 good picks, proceed to pick out all the master 
furrows, making the edge next the skirt and the end next 
the eye, the deepest, and the feather edge not half so deep 
as the back. 

When all the master furrows are picked out, lay the 
broad strip next to the feather edges of all the forrowt, 
and mark the head lands of the short furrows, then lay 
the same strip next the back edges, and mark for tfate 
lands, and lay the narrow strip, and mark for the furrows, 
and so mark out the lands and furrows, minding not to 
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grind more tand. Stop the mill, raiae the etone a little, 
and balance it' truly with a weijB^ht laid on the lightest 
aide. Take lead eqaal to its weight, melt it, and ran it 
into a hole made in the same place in the plaster ; this 
hole should be largest at bottom to keep it in ; fill the 
iMle with the plaster, take up the runner again, try the 
staff over the stones, and it in good face, eive them a 
nice dressing, and lay them down to grind wheat 



ARTICLE 146. 

nntBcnoNs for making a hopper, shoe, and feeder. 

The dimensions of the hopper of a common mill is 4 feet 
at the top, and 2 feet deep, the hole in the bottom 3 inches 
aqnare, with a sliding gate in the bottom of the front to 
lessen it at pleasure : the shoe 10 inches long, and 5 wide 
in the bottom, of good sound oak. The side 7 or 8 inches 
deep at the hinder end, 3 inches at the foremost end, 6 
longer than the bottom of the fore end, slanting more than 
the hopper behind, so that it may have liberty to bang 
down 3 or 4 inches at the fore end, which is hung by a 
strap called the feeding string, passing over the fore end 
of the hopper-frame, and lapping round a pin in front of 
the meal-beam, which pin will turn by the hand, and 
which is called the feeding-screw. 

The feeder is a piece of wood turned in a lathe, about 
20 inches long, 3 inches diameter in the middle, against 
the shoe, tapered off to 1 ^ inch at the top; the lower end 
ia banded, and a forked iron driven in it, that spans over 
the ryne, fitting into notches made on each side, to receive 
it, directly above the spindle, with whicli it turns, the 
upper end running in a hole in a piece across the hopper- 
frame. In the large part, next the shoe, 6 iron knockers 
are set, 7 inches long, half an inch diameter, with a tang 
at each end, turned square to drive into the wood, these 
knock against and shake the ahoe, and thereby shake in 
the ff rain regularly. 

xoa may now pot the grain into the hopper, draw wa- 
27 



ter cm the nulU and ragolatB th6 fced by tmiuiff the feed 
•irewt until Um Btream fmltine into tbe we of the eioiie^ 
be proportioned to the. size tnereof, or the power of tbe 
mill. Here ends the mill-wright'e work, with reepeet lo 
grinding, end the miller takes the eharge thereof 



ARTICLE 147. 
OF BOLTING CHESTS AND REELS. 

Bolting chests and reels are of different lengthsp aoeord- 
ing to the use for which thej are intended. Common 
country chests (a top view of one of which is shown ia 
Plate XIX., fig. 9,) are usually about 10 feet long, 8 feet 
wide, and 7 feet 4 inches high, with a post in each corasr; 
the bottom 2 feet from the floor, with a board 18 inehes 
wide, set slanting in the back side, to cast the meal for* 
ward in the chest, that it may be easily taken up;, tbs 
door is of the whole length of the chest, and 3 feet wide, 
the bottom board below tbe door sixteen inches wide. 

The shaft of the reel is equal in length with the chest, 
4 inches diameter, 6 square, two bands on each endv 8| 
and 3| inches diameter : gudgeons 13 inches kmg, I of 
an inch diameter, 8 inches in the shaft, rounded mt the 
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to futea the cloth to. The cloth t9 sewed, two widths 
of it to||[ether, to reach round the reel, putting a strip of 
strong linen, 7 inches wide at the head, and 5 inches at 
the tail of the cloth, b^ which to fieisten it to the reel. 
Paste on each rib a strip of linen, sofl paper, or chamois 
leather (which is the best) H inch wide, to keep the cloth 
from fretting. Then put the cloth on the reel tight, sew 
or nail it to the tail, and stretoh it length-wise as hard as 
it will bear, nailing it to the head. — Six yards of cloth 
cover a ten feet reel. 

* Bolting reels for merchant mills are generally longer 
than for country work, and every part should be stronger 
in proportion. They are best when made to suit the 
wiae cloths. The socket gudgeons at the head should 
be much stronger, they being apt to wear out, and trou- 
blesome to repair. 

The bolting-hopper is made to pass through the floor 
above the chest, is 12 inches square at the upper, and 10 
inches at the lower end ; the foremost side 5 inches, and 
the back side 7 inches from the top of the chest. 

The shoe 2 feet long at* the bottom of the side pieces, 
slanting to suit the hopper at the hinder end, set 4 inches 
higher at the hinder than the fore end, the bottom 17 
inches long, and 10 inches wide. There should be a bow 
of iron riveted to the fore end, to rest on the top of the 
knocking wheel, which is fixed on the socket gudgeons at 
the head of the chest, and is 10 inches diameter, 2 inches 
thick, with 6 half rounds, cut out of its circumference, 
forming knockers to strike against the bow, and lift the 
shoe I of an inch every stroke, to shake in the meal. 



ARTICLE 148. 
OP SETTING BOLTS TO GO BY WATER. 

The bolting.reels are set to go by water as follows : — 
Maks a bridge 6 by 4 inches, and 4 inches longer than 
the distance of the tomkin posts, described Art 189 : set 
it between them, on rests fastened into them 10 inches 
Mow the cogs of the cog-wheel, and the centre of it half 
41m disfiistsr of the spoNwIiesl in front of them ; on this 
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bridge is set the step gudgeon of an upright shaft, with a 
spur-wheel of 16 or 18 cogs to gear into the cog-wheel, 
r ix a head-block to the joists of the 3d floor for the upper 
end of this shaft ; put the wheel 28, (PI. XIX.) on it; 
hang another head-block to the joists of the 2d floor, near 
the corner of the mill at 6, for the step of the short upright 
shaft that is to be fixed there, to turn the reels 1 and 9. 
Hang another head-block to the joists of the 3d floor, for 
the upper end of the said short upright, and fix also head- 
blocks for the short shaft at the head of the reels, so that 
the centres of all these shafts will meet. Then fij^a 
hanging post in the corner 5, for the gudgeon of the long 
horizontal shaft 27 — 5 to run in. After the head-blocks 
are all fixed, then measure the length of each shaft, *and 
make them as follows : namely : — 

The upright shaft 5| inches for common mills, but if 
for merchant-work, with Evans' elevators, &c., added, 
make it larger, say 6 or 7 inches; the horizontal shaft 27 
— 5, and all the others 5 inches diameter. Put a socketr 
gudgeon in the middle of the long shafts, to keep them 
steady; make them 8, or 16, square, except at the end 
where the wheels are hung, where they must be 4 sqoara 
Band their ends, put in the gudgeons, and put them in 
their proper places in the head-blocks, to mark where the 
wheels are to be put on them. 




Clia^Sl.] OF BCAKING BOLTII(C.WHE£L& 317 

lottoas that a bolt should have, which is about 36 revo- 
lutions in a minute. If the upright go | more, put i less 
in the first driving wheel than in the leader, suppose 15 
in the driver, then 18 in the leader : but if their ditferenoe 
be more, (say one-half,) there must be a difference in the 
next two wheels; observing that if the motion of the up- 
right shaft be greater than that of the bolt should be, the 
driving wheel must be proportionably less than the leader; 
but if It be slower, then the driver must be greater in pro- 
portion. The common size of bolting-wheels is from 14 
to 20 cogs : if less than 14, the head-bloclu will be too 
near the shafts. 

Common bolting wheels should be made of plank, at 
least 3 inches thick, well seasoned ; and they are best 
when as wide as the diameter of the wheel, and banded 
with bands nearly as wide as the thickness of the wheel, 
the bands may be made of rolled iron, about | of an inch 
' thick. Some make the wheels of 2 inch plank, crossed, 
and no bands ; but this proves no saving, as they are apt 
to go to pieces in a few years.. (For hooping wheels, see 
Art 136, and for finding the diameter of the pitch circle, 
see Art. 126.) The wheels, if banded, are generally two 
inches more in diameter than the pitch circle; but if not, 
they should be larger. The pitch or distance of the cogs 
are different; if to turn 1 or 2 bolts, 2| inches; but, if 
more, 2| ; if they are to do much heavy work, they Jthould 
not be less than 3 inches. Their cogs, in thickness, are 
half the pitch ; the shank must drive tightly in an inch 
auger hole. 

When the mortises are made for the shafts in the head, 
and notches for the keys to hang them, drive the cogs in 
and pin their shank at the back side, and cut them off 
half an inch from the wheel. 

Hang the wheels on the shafk so that they will gear a 
proper depth, about f the thickness of the coffs ; dress all 
the co^ to equal distances by a gauge ; tnen put the 
shafts in their places, the wheels gearing properly, and 
the head blocks all secure ; set them in motion by water. 
Boltioff reels should torn so as to drop the meal on the 
back side of the chest, as it will then hold more, and will 
act cast out the meal when the door is opened. 

27* 
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ARTICLE 150. 
OF ROLLING-SCREENS. 

These are circular sieves moved bj water, and are 
particularly useful in cleaning wheat for merchant-work. 
They are of different constructions. 

1st. Those of pne coat of wire with a screw in them. 

Sdly. Those of two coats, the inner one nailed to six 
ribs, the outer one having a screw between it and the 
inner one. 

3dly. Those of a single coat and no screw. 

The first kind answers well in some, but not in all 
cases, because they must turn a certain number of times 
before the wheat can get out, and the grain has not 80 
good an opportunity of separating ; there being nothiog 
to change its position, it floats a considerable distance 
with the same grains uppermost, 

The double kinds are .better, because they may be 
shorter, and take up less room ; but they are more difficult 
to keep clean. 

The 3d kind has this advantage; we can keep the ^rain 
in them a longer or shorter time, at pleasure, by raising 
or lowering the tail end, and it is also tossed about more ; 
but thev must be longer. The^ are generally 9 or 10 feet 
long, ^kei 4 inches diameter, if to clean for two or three 
pairs of stones; but if for more^ thtiy should be larger 
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34 inches diameter, on the gudgeon of the rolling screen, 
to reduce its motion to about 15 rerolutions in a minute. 
(See fig. 19, Plate XIX.) This strap gearing may do for 
mills in a small way, but where they are in perfection 
for merchant-work, with elevators, &c.; and have to clean 
wheat for 2, 3, or 4 pairs of stones, they should be moved 
by cogs. 



ARTICLB 151. 
OF FANS. 

The Dutch fan is a machine of great use, for blowing 
the dust and other light stuff from among the wheat; 
there are various sorts of them ; those that are only for 
blowing the wheat as it falls from the rolling-screen, are 
generally about 15 inches long, and 14 inches wide, in 
tlie wings, and have no riddle or screen in them. 

To give motion to a fan of this kind, put a pulley 7 
inches diameter, on its axle, to receive a band from a 
pulley oh the shaft that moves the screen, which pulley 
may be of 24 inches diameter, to give a swift motion, 
when the band is slack it slips a little on the small pul- 
ley, and the motion is retarded, but when tight the mo- 
tion is quicker; by this the blast is regulated. 

Some use Dutch fans complete, with riddle and screen 
under the rolling screen, for merchant-work; and again 
use the fan alone for country- work. 

The wings of those which are the common farmers^ 
wind-mills, or fans, are 18 inches long, and 20 inches 
wide ; but in mills they are set in motion with a pulley 
instead of a cog-wheel and wallower. 



ARTICLE 152. 
OF THE SHAKING SIEVE. 

Shaking sieves are of considerable use in country mills, 
to sift Indian meal, separating it, if required, into seve- 
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ral degrees of fineness: and to take the hdlls out of back- 
wheat meal, which are apt to cut the bolting cloth ; also, 
to take the dust out of the grain, if rubbed before ground ; 
the J are sometimes used to clean wheat, or screenings, 
instead of rolling screens. 

If the J are for sifting meal, thej are 3 feet 6 inches 
long, 9 inches wide, 3} inches deep ; (see it fig. 16, Plate 
XVIII.) The wire-work is 3 feet long and 8 'inches 
wide : across the bottom of the tail end is a board 6 inches 
wide, to the top of which a wire is tacked, and then 
this board and wire are tacked to the bottom of the frame, 
leaving an opening at the tail end for the bran to fall into 
the box 17, the meal falling into the meal-troufi[h 15 ; the 
bead piece should be strong, to hold the iron bow at 15, 
through which the lever passes that shakes the siere, 
which is effected in the following manner. Take two 
pieces of hard wood, 15 inches long, and as ^ide as the 
spindle, and so tbick that when one is put on each side 
just above the trundle, it will make it !( inch thicker 
than the spindle is wide. The corners of these are taken 
off to a half round, and they are tied to the spindle with 
a small strong cord. These are to strike against the le- 
ver that works on a pin near its centre, which is fastened 
to the sieve, and shakes it as the trundle goes round ; 
(see it represented Plate XVIII.) This lever must al- 
ways be put to the side of the spindle, contrary to that 
of the meal spout ; otherwise, it will draw the meal to the 
upper end of the sieve : there must be a spring fixed to 
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CHAPTER XXIL 

ARTICLE 153. 
OF THE USE OF DRAUGHTING TO BUILB MILLS BT, &C. 

Perhaps some are of opinion that draughts are useless 
pictures of things, serving only to please the fancy. This 
18 not what is intended by them ; but to give true ideas 
of the machine, &c., described, or to be made. Those 
represented in the plates are all drawn on a scale of ith 
of an inch to a foot, in order to suit the size of the book, 
except Plate XVIL, which is a quarter of an inch to a 
foot; and this scale I recommend, as most buildings will 
then come on a sheet of common paper. 

N. B. Plate XXIV. was made after the above direc- 
tions, and has explanations to suit it. 

The great use of draughting mills, &c., to build by, 
is toconvey our ideas more plainly, than is possible by 
writing, or by words alone ; these may be misconstrued 
or forgotten; but a draught, well drawn, speaks for itself, 
when once understood by the artist; who by applying 
his dividers to the draught and to the scale finds the 
length, breadth, and height of the building ; or the dimen- 
sions of any piece of timber, and its proper place. 

By the draught the bills of scantling, bcmrds, rafters, 
lath, shingles, &c. &g., are known and made out ; it 
should show every wheel, shaft, and machine, and their 
places. By it we can find whether the house be suffi- 
cient to contain all the works that are necessary to carry 
on the business ; the builder or owner understands what 
be IS about, and proceeds cheerfully and without error ; 
it directs the mason where to put the windows, doors, 
navel-holes, the inner walls, &c., whereas, if there be no 
draught, every thing goes on, as it were, in the dark ; 
much time is lost and errors are committed to the loss of 
many pounds. I have head a man sky, that he believed 
his mill was ftOOil better from having employed an expe- 
rienced artist, to draw him a draught to build it by ; and 
I know, by experience, the great utility of them. Every 
master builder, at least, ought to understand them. 
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ARTICLE 154. 
DIRECTIONS FOR PLANNING AND DRAUGUTINO MILLS. 

1st. If it be a new seat, view the ground where the 
dam is to be, and where the milUhouse is to standt and 
determine on the height of the top of the water in the 
head race, where it is taken out of the stream ; and level 
fr'om it for the lower side of the race, down to the seat of 
the mill-house, and mark the level of the water ia the 
dam there. 

2dlj. Begin where the tail-race is to empty into the 
stream, and level from the top of the water up to the mill 
seat, noticing the depth thereof, in places, as you pass 
along, which will be of use in digging it out 

Then find the total fall, allowing one inch to a rod for 
fall in the races ; but if they be very wide and long, less 
will do. 

Then, supposing the fall to be 21 feet 9 inches, which 
is sufficient for an overshot mill, and the stream too light 
for an undershot: consider well what size stone will suit; 
for I do not recommend a large stone to a weak, nor a 
small one to a strong stream. I have proposed stones 4 
feet diameter for light, 4,6 for middling, and 5 or 5 feel 
6 inches diameter, for heavy streams. Suppose you de 
termine on stones 4 feet, then look in table t., (which is 
for stones of that size,) column 2, for the fall that is near- 
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required ; taking care to plan every thing so that one shall 
not clash with another. 

* Draw an end view, as Plate XX., and a side view, as 
Plate XXI. Take the draught to the ground, and stake 
out the seat of the house. It is, in general, best to set 
that corner of an overshot mill, at which the water en- 
ters farthest in the bank ; but great care should be taken 
to reconsider axid examine everj thing, more than once, 
to see whether it be planned for the best ; because, much 
^ labour is often lost for want of due consideration, and by 
seitting buildings in, and laying foundations on, wrong 
places. The arrangements being completed, the bills of 
scantling and iron work may be made out from the 
draught. 



ARTICLE 155. 

• 

ULL8 OF 8CAHTLIN6 FOR A MILL, 32 BY 55 FEET, 3 ST0BIE8 mGH ; 
THE WALLS OF MASON WORK, SUCH AS IS REPRESENTED IN PLATES 
XYm., XIX., XX., AND XXI. 

For the first floor. 

2 sills, 29 feet long, 8 by 12 inches, to lay on the walls 
for the joists to lie on* ♦ 

48 joists, 10 feet long, 4 by 9 inches, all oi timber that 
will last well in damp places. 

For the second floor. 

2 posts, 9 feet long, 12 by 12 inches. 
2 girders, 30 feet long 14 by 16 do. 
48 joists, 10 feet long, 4 by 9 do. 

-fbr the floor over the Water-house. 

1 cross girder, 30 feet long, 12 by 14 inches, for one end 
of the joists to lie on. 

2 posts to support the girder, 12 feet long, 12 by 12 
inches. 

16 jmsts, 13 feet long, 4 by 9 inches ; all of good white 
• oak, or other timber, that will last in damp places. 
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Fw the third floor. 

4 poets, 9 feet long, 12 by 12 inobes to rapport the 

^rdenu 
2 girder posts, 7 feet long, 12 by 12 inobes to stand on 

tbe water^bouse. 
2 girders, 63 feet long, 14 by 16 inobes. 
90 joists, 10 feet long, 4 by 9 inobes. 

For the fourth floor. 

6 posts, 8 feet long, 10 by 10 jncbes, to support tbe * 
girders. 

2 girders, 53 feet long, 13 by 15 inobes. 

30 Joists, 10 feet long, 4 by 8 do. for tbe middle tier of tbe 
floor. 

60 do. 12 feet do. 4 by 8, for the outside tiers, wbiob ex- 
tends 12 inches over the walls, for the rafters to stand 
on. 

2 plates, 54 feet long, 3 b^ 10 inches : these lie on tfati top 
of the walls, and the joists on them. 

2 raising pieces, 55 feet long, 3 by 5 inches ; these lie od 
the ends of the joists for the rafters to stand on. 

For the Roof. 

54 rafters, 22 feet long, 3 inches thick, 6| wide at tbe 

bottom, and 4} at the top end. * 
25 collar beams, 17 feet long, 3 by 7 inches. 
2760 feet of laths, rurunng measure. 
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4 corner posts, 5 feet loDg, 4 bj 6 incheSi for the corners 
of the penstock. 

Far the Husk of a Mill of one tVater-rvJuel and two Pair 

^Stones. 

2 sills, 24 feet long, 12 by 12 inches. 
4 corner posts, 7 ^et long, 12 by 14 inches. 
2 front posts, 8 feet long, 8 by 12 xJo. 

2 back posts, 8 feet do. 10 by 12 inches, to support the 
back ends of the Lridge-trees. 

2 other back posts, 8 feet long, 8 by 8 inches. 

3 tomkin posts, 12 feet long, 12 by 14 do. 

2 interties, 9 feet long, 12 by 12 inches, for the outer ends 

of the little cog-wheel shafts to rest on. 
2 top pieces, 10 feet 6 inches long, 10 by 10 inches. 
2 beams, 24 feet long, 16 by 16 inches. 
2 bray-trees, 8| feet long, 6 by 12 inches. 
2 bridge-trees, 9 feet long, 10 by 10 inches. 

4 planks, 8 feet long, 6 by 14 inches, for the stone-bearers. 
20 planks, 9 feet long, 4 by about 15 inches, for the top 

of the husk. 

2 head-blocks, 7 feet long, 12 by 15 inches, for the wal- 
lower shafts to run on. They serve as spurs also for 
the head-block for the Water-wheel shaft. 

For the Water- Wheel and big Cog- Wheel. 

1 shaft, 18 feet long, 2 feet diameter. 

8 arms for the water-wheel, 18 feet long, 3 by 9 inches. 
16 shrouds, 8| feet long, 2 inches thick, and 8 deep. 
16 face boards, 8 feet long, 1 inch thick, and 9 deep. 
56 bucket boards, 2 feet 4 inches long, and 17 inches wide. 
140 feet of boards, for scaling the wheel. 

3 arms for the cog-wheel, 9 feet long, 4 by 14 inches. 
16 cants, 6 feet long, 4 by 17 inches. 

For tittle Cog- Wheels. 

2 shafts, 9 feet long, 14 inches diameter. 

4 arms, 7 feet long, 3 § by 10 inches. 
16 cants, 5 feet long, 4 by 18 inches. 
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For JVattmert and Ihmdle$. * 

60 feet of plank, 3| inches thick. 

40 feet do, 3 inches thicks for bolting gears. 

Cogs and Sounds. 

200 cogs, to be split, 3 by 3, 14 inches long. 
80 rounds, do. 3 by 3, 20 inches long. 
160 cogs, for bolting works, 7 inches long, and 1| square ; 

but if they be foif a mill with machinery completei there 

must be more in number, accordingly. 

Bolting Shafts. 

1 upright shaft, 14 feet long, 5^ by 5| inches. 

2 horizontal shafts, 17 feet long, 5 by ^5 inches. 
1 upright do. 12 feet long, 5 by 5 inches. 

6 shafts, 10 feet long, 4 by 4 do. 



ARTICLE 156. 

BILL OF THE LARGE IBONS FOR A MILL OF TWO PAIR OF 8T0K£f. 

2 gudgeons, 2 feet 2 inches long in the shaft; neck4i 
inches long, 3 inches diameter, well steeled and turned. 
(See fig. 16, Plate XXIV.) 

2 bands, 19 inches diameter inside, | thick; and 3 inches 
wide, for the ends of the ^haft. 

2 do. Wl inches inside, | an inch thick, and 3| inches 
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2 sphidlef mnd rynes ; spindles 5 feet 3 inches long from 
tne foot to the top or the necks; cock-heads 7 Or 8 
inches long aboTe the necks; the body of the spindles 
3| by 2 inches ; the neck 3 inches long, and 3 inches 
diameter : the balance rynes proportional to the spin* 
dies, to suit the eye of the stone, which is 9 inches dia- 
meter. (See fig. 1, 2, 3, Plate XXIV.) 

2 steps for the spindles, fig. 4. 

2 sets of damsel-irons, 6 knockers to each set. 

& bray-irons, 3 feet long, 1| inch wide, ^ an inch thick: 
being a plain bar, one hole at the lower, and 5 or 6 at 
the upper end. 

Bill of Iron for the Bolting and Houiting JVorkSt «» the 

common way. 

2 spur-^heel bands, 20 inches diameter from outsides, 
for the bolting spur-wheel, |ths of an inch^wide, and 
ith thick. 

2 spur-wheel bands 12 inches diameter from outsides, 
for the hoisting spur-wheel. 

2 step-gudgeons and steps, 10 inches long, 1^ inch thick 
in the tang or square part ; neck 3 inches long, for the 
upright shafts. (See fig. 5 and 6, Plate XXlV.) 

2 bands for do. 5 inches diameter inside, 1^ wide, and \\ 
thick. 

2 gudgeons, 9 inches tang ; neck 3 inches long, 1| square 
for the top of the uprights. 

8 bands, 4| inches diameter inside. 

I socket gudgeon, 1| of an inch thick ; tang 12 inches 
long; neck 4 inches; tenon to go into the socket IJ 
inch, with a key-hole at the end. See fig. 9 and 9. 

14 gudgeons, neck 2| inches, tang« 8 inches long, and 1 
inch square, for small shafts at one end of the bolting- 
reels. 

10 bands for do. 4 inches diameter inside, and 1 inch wide. 

4 Mcket-gudgeons, for the 4 lx>lting reels \\ square 
tangs 8 inches; necks 3 inches, and tenons 1^ inch, 
with holes in the ends of the tangs for rivets, to keep 
them from turning; the sockets one inch thick at the 
* mortise, and 3 inches between the prongs, (See fig. 8 
and 9.) Prongs 8 inches long and 1 wide. 
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8 bands, 3^ inches, and 3 do. 4 inches, diameter, for the 

bolting-reel shafts. 

For the Hoisting Wheeh. 
2 gudgeons, for the jack- wheel, neck 3| inches^ and tang 

9 inches long, 1^ square. 
2 bands for do. 4^ inches diameter. 
2 gudgeons, for the hoisting-wheel, neck 3| inches, tang 

9 inches long, and \\ inch square. 
2 bands for do. 7 inches diameter. 
6 bands for bolting-heads, 16 inches diameter inside, 2^ 

wide, and ^th of an inch thick. 
6 do. for do. 15 inches do. do. 

N. B. All the gudgeons should taper a little, and the 
sides given are the largest part. The bands for shafts 
should be widest at the foremost side, to make them drive 
well ; but those for heads should be both sides eqpol. Six 
picks for the stones, 8 inches long, and \\ wide, will be 
wanted. 

ARTICLE 157. 
EXPLANATION OF THE PLATES. 

PLATE XVII. 

Drawn from a scale of a quarter of an inch for a foot 
Fig. 1 — a big cog-wheel, 8 feet 2^ inches the diameter 
of its pitch circle, 8 feet 10| inches from out to cot; 




tate^ 39.) bHLanatiok of tms njcm. adft 

where the mortises are made for the posts, with a rack at 
the upper end to keep o£f the trash. 



PLATE XVIIL— 2Tk^ Ground Fian of a Mill. 

Fig. 1 and 8 — ^bolting chests and reels, top view. 

2 and 4— cog-wheels that turn the reels. 

3— cog-wheel on the lower eod of a short upright shaft. 

5 and 7 — places for the bran to fall into. 

6, 6, 6 — three garners on the lower floor for bran. 

9 and 10— posts to support the girders. 

11 — the lower door to load wagons, horses, &c., at. 

12 — the step-ladder, from the lower floor to the husk. 

13--^the place where the hoisting casks stand when filling. 

14 and 15 — the two meal- troughs and meal spouts. 

16 — meal-shaking sieve for Indian and bHckwheat. 

17 — a box for the bran to fall into from the sieve. 

18 and 19 — the head-block and long spur-block, for the 
big shaft. 

20 — four posts in front of the husks, called braj posts. 

21 — the water and cog-wheel shaft. 

22— the little cog-wheel and shaft, for the lower stones. 

23 — the trundle for the burr stones. 

24 — the wallower for do. 

25 — the spur-wheel that turns the bolts. 

26 — the cog-wheel. 

'27 — the trundle, head wallower, and bridge-tree, for 
country stones. 

29— the four back posts of the husk. 

29 — the two posts that support the cross-girder. 

30 — the two posts that liear np the penstock at one side^ 

"31 — the water-wheel, 18 feet diameter. 

32 — the two posts that bear up the other side of the pen- 
stock. 

33 — the head-blocks and spur-blocks, at water end. 

34 — a sill to keep up the outer ends. 

35 — rthe water-house door. . 

3S — a hole in the wall for the trunk to go through. 

3fl6— the four windows of. the lower story. 

28* 



aao 



fi)[PLA|fAXION OF T»S fhATKk 



[CkipuS. 



PLATE XlX.T^Secand Jloar. 

Fig. 1 and 9 — a top view of the boiling chests and reels. 

2 and 10 — places for the bran to fall into. 

3 and S — the shafts that turn the reels. 

4 and 7 — wheels that ^urn the reels. 

6 — a wheel on the long shafts between the uprights. 

6 — a wheel on the upper end of the upright shaft. 

11 and 12 — two posts that bear up the girders of the 

third floor. 
13 — the long shaft between two uprights. 
14 — five garners to hold toll, &c. 
15 — a door in the upper side of the mill-house. 
16— a step ladder from 2d to 3d floor. 
17 — the running burr mill-stone laid off* to be dressed. 
18 — the hatch way. 
19 — stair way. 

20 — the running country stone turned up to be dressed. 
21 — a small step-ladder from the husk to the 2d floor. 
22 — the places where the cranes stand. 
24 — the pulley-wheel that turns the rolling screen. 
25 and 26 — the shaft and wheel which turn the rolling 

screen and fan. 
27 — the wheel on the horizontal shaft to turn to boltiog 

reels. 
28 — the wheel on the upper end of the first uprigbt 

shaft. 
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42 — a fire-place. 

43 — Ibe upper end door. 

44 — ^tea windows in the second story, twelve lights each. 

PLATE XX. 

Represents a view of the lower side of a stone mill- 
house, three stories high, which plan will suit tolerably 
well for a two story house, if the third story be not want- 
ed. Part of the widi is supposed to be open, so that we 
have a view of the stones, running gear, &c. 
tine 1 represents the lower floor, and is nearly level 

with the top of the sills, of the husk and water-house. 

2, 3, and 4, the second, third, and fourth floors. • 
5 and 6 — windows for admitting air under the lower 

floor. 
7 — the lower door, with steps to ascend to it, which com- 
monly suits best to load from. 
8 — the arch over the tail-race for the water to run from 

the wheel. 
9 — the water-house door, which sometimes suits better to 

be at the end of the house, where it makes room to 

wedge the gudgeon. 
10 — the end of the water-wheel shaft. 
11 — the big cog-wheel shaft. 
12 — the little cog-wheel and wallower, the trundle being 

seen through the window. 
13 — the stones with the hopper, shoe, and feeder, as fixed 

for grinding. 
14— the meal-trough. 

There is an end view of the husk frame. There are 
thirteen windows with twelve lights each. 

PLATE XXI. 

Represents ah outside view of the water-end of a mill- 
house, and is intended to show to the builders, and mill- 
wrights, the height of the walls, floors, and timbers, with 
the places of the doors and windows, and a view of the 
position of the stones and husk timbers, supposing the 
wall open, so that we could see them. 
Figs. 1, 2, 3, and 4, shows the joists of the floors. 
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5— a weather-cock, turning on an iron rod. 

6— the end of the shaft, for hoisting outaide of the house, 
which is fixed above the ooUar-beams over, the doors, 
to hoist into either of them, or either story, at either 
end of the house, as may suit best. 

7 — ^the dark squares, showing the ends of the girders. 

8 — the joists over the water-house. 

9^-tbe mill-stones, with the spindles they run on, and 
the en(l8 of the bridge-trees as they rest on the brays 
aa. b b show the ends of the brays, that are raised and 
lowered by the levers c c, called the lighter-staffs, for 
raising and lowering the running stone. 

10 — the water-wheel and big cog-wheel. 

11 — the wall between the water and cog-wheel. 

12 — the end view of the two side walls of the house. 
Plate XXII. is explained in the preface. 



CHAPTER XXIII. 

ARTICLE 158. 
OF SAW-MILLS. 

Construction of their Water Wheels. 
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A TABLE 



DIAMETER OF FLUTTER-WHEELS FROM OUT TO OUT, AND 
THEIR WIDTH IN THE CLEAR, SUITABLE TO ALL HEADS, 
FROM SIX TO THIRTY FEET. 
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K. B.— The above wbeeb are | > r o poied to be made at narrow at will well doL en 
■oeoont of ttTiof water ; bat if thit be abondaot, Ibe wheeta maj be Bwde wider 
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Of Geared SauhMitts. 

Of these I shall say bat little, they being expenmfe 
and but little used. — ^Tbey should be geared so as to give 
the saw 120 strokes in a minute, when at work in a com- 
mon log. The water-wheel is like that of any other 
mill, whether of the overshot, undershot, or breast kind ; 
the cog-wheel of the spur kind, and as large as will clear 
the water. The wallower commonly has 14 or 15 roands, 
or such number as will produce the risht motion. On 
the wallower shaft is a balance-wheel, which may be 
made of stone or wood ; this is to regulate the motioa. 
There should be a good head above the water wheel to 
give it a lively motion, otherwise the mill will run hea- 
vily. 

The mechanism of a complete saw-mill is such as to 
produce the following effects; namely: — 

1. To move the saw up and down, with a sufficient 
motion and power. 

2. To move the log to meet the saw. 

3. To stoD of itself when within 3 inches of beii^ 
through the log. 

4. To draw the carriage with the log back, by the 
power of the water, so that the log may be ready to enter 
again. 

The mill is stopped as follows : namely : — When the 
gate is drawn the k>ver is held by a catch, and there ii 
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the saw-^te to the oarriage, to moye the loff ; it is 8 feet 
long, 3 inches square, tenoned into a roller 6 inches 
diameter, reaching from plati^ to plate, and working on 
gudgeons in them ; in its lower side is framed a block, 10 
inches long, with a mortise in it two inches wide throngh- 
ont its whole length, to receive the upper end of the hand 

Ele, having in it several holes for an iron pin, to join the 
nd pole to it, to regulate, the feed ; by setting the hand 
g>le nearer the centre of the roller, less feed is given, and^ 
rther off, gives more. 

Fig. 3, the hand pole or feeder, 12 feet long and 3 
inches square, where it joins the block, (Fig. 4,) and 
tapering 2 inches at the lower end, on which is the iron 
hand, 1 foot long, with a socket, the end of this is flat- 
tened, steeled, and hardened, and turned down half an 
inch at each side, to keep it on the rag-wheel. 

Fig. 5 — the rag-wheel. This has four cants, 4| feet 
long, 17 by 3 inches in the middle, lapped together to 
make the wheel 5 feet diameter; is faced between the 
arms with 2 inch plank, to strengthen the laps. The 
cramp or ratchet iron is put on as a hoop, nearly 1 inch 
square, with ratchet notches cut on its outer edge, about 
3 to an inch. On one side of the wheel are put 12 strong 

gins, 9 inches long, to tread the carriage back, when the 
acking works are out of order. On the other side are 
the cogs, about 56 in number, 3 inches pitch, to gear into 
the cog-wheel on the top of the tub-wheel shaft, with 15 
or 16 cogs. In the -shaft of the rag-wheel are 6 or 7 
rounds, 11 inches long in the round part, let in nearly 
their whole thickness, so as to be of a pitch equal to the 
pitch of the cogs. of the carriage, and gear into them 
easily : the ends are tapered off outside, and a band is 
driven on them at each end, to keep them in their places; 
Fig. 6 is the carriage ; a frame 4 feet wide from out- 
sides, one side 29 feet long, 7 by 7 inches; the other 32 
feet long, 8 by 7 inches, very straight and true, the in- 
terties at each end 15 by 4 inches, strongly tenoned and 
braced into the sides to keep the frame from racking. In 
the underside of the largest piece are set two rows of 
cogSf 2 inches between the rows, and 9 inches from the 
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foretide of one cog to that of another ; the cogs of one row 
between those of the other, so as to make 4| inches pitch, 
to gear into the rounds of the rag-wheel. The cogs are 
about 66 in number; shank 7 inches long, 1| inch 
square; head 2| long, 2 inches thick at the points, and 
2^ inches at the shoulder. 

Fig. 7 — the ways for the carriage to run on. These 
are strips of plank 4| inches wide, 2 inches thick, set on 
edge, let 1^ inch into the top of the cross sills, of the 
whole length of the mill, keyed fast on one side, made 
very straight both side and edge, so that one of them will 

f)ass easily between the rows of cogs in the carriage, and 
eave no room for it to move sideways. They should be 
of hard wood, well seasoned, and hollowed out between 
the sills to keep the dust from lodging on them. 

Fig. 8 — the fender posts. The gate with the saw 
plays in rabbets 2^ deep and 4 inches wide, in the fender 
posts, which are 12 feet lon^i;, and 12 inches square, 
hung by hooked tenons to the front side of the two large 
cross beams in the middle of the frame, in mortises in 
their upper sides, so that they can be moved by keys to 
set them plumb. There are 3 mortises, 2 inches square, 
through each post within half an inch of the rabbets, 
through which pass hooks with large heads, to keep the 
frame in the rabbets; they are keyed at the back or the 
posts. 

Fig. 9— the saw, which is 6 feet long, 7 or 8 inches 
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These straps are made of flat bars, 3 feet 9 inches long, 
3 inches wide, |ths thick before tamed ; at the turn they 
are 5 inches wide, square, and split to receive the ^aw, 
and tuff^ins, then brought near together, so as to fit the 
gat^. The saw is stretched tightly in ibis frame, by the 
screws at the top; exactly in the middle, at each end, 
measuring from the outside ; the top eud standing about 
half an inch more forward than the bottom. 
. Fig. 10 — the forebay of water, projecting through the 
upper foundation wall. 

rig. 11 — the fi utter-wheel. Its diameter and length 
according to the head of water, as shown in the table. 
The floats are fastened in with keys, so that they will 
drive inward, when any thing gets under them, and not 
break. These wheels should be very heavy, that they 
may act as a fly, or balance, to regulate the motion, and 
work more powerfully. 

Fig. 12 — the crank, (see it represented by a draught, 
from a scale of 1 foot to an inch, fig. 17, Plate XXIV.) 
The part in the shaft 2 feet 3 inches long, 3| by 2 inches, 
neck 8 inches long, 3 thick, and 12 inches from the cen- 
tre of the neck to the centre of the wrist or handle, 
which is 5 inches long to the key hole, and 2 inches 
thick. 

The gudgeon at the other end of the shaft is 18 inches 
in the shaft, neck 3^ long, 2| diameter. 

The crank is fastened in the same way as gudgeons. 
(See Art. 132.) 

Fig. 12, 13 — the pitman, which is 3| inches square 
at the upper end, 4| in the middle, and 4 near the lower 
end; but 20 inches of the lower end is 4| by 5^, to hold 
the boxes and key, to keep the handle of the crank tight. 



Pitman Irons of an improved Construction. 

(See fig. 10, 11, 12, 13, 14, 18, Plate XXIV.) Fig. 

10 is a plate or bar, with a hole in each end, through 

which tne upper ends of the lug-pins 11 — 11 pass, with 

a strong burr screwed on each ; they are 17 inches long, 
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H inch squaret tuned at tba loww end to mike a roniid 
bole 1| diameter; made strong round the hole. 

Fig. 12 i8 a large, flat link, through a mortise near the 
lower side of the end of the saw frame: The lug*pins 
pass one through each end of this link, which keeps them 
close to the gate sides. 

Fig. 14 is a bar of iron 2 feet long, 3| inches wide, i 
inch thick at the lower, and li at the upper end. It is 
split at the top and turned as in the figure, to pass through 
the lug-pins. At fig. 13 there is a notch set in the head 
of the pitman bar 14, H inch long, nearly as deep as to be 
in a straight line with the lower side of the side-pins, 
made a little hollow, steeled and made very hard. 

Fig. 18 is an iron plate, IJ inch wide, half an inch 
thick in the middle, with 2 large nail- holes in each end, 
and a round piece of steel welded across the middle and 
hardened, made to fit the notch in the upper end of the 
pitman, Plate XXVI., and draw close to the lug-pins, to 
the under side of the saw-frame, and nailed fast. Now, 
if the bearing part of this joint be in a straight hne, the 
lower end of the pitman may play without friction in the 
joint, because both the upper and lower parts will roll 
without sliding, like the centre of a scale-beam, and will 
not wear. 

This is the best plan for pitman irons^, with which I am 
acquainted. The first set, so made, has been in my saw- 
mill 8 years, doing much hard work, and three minutes 
have nut been reaiiired to inljusi th 
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which one man can draw heavy logs on the mill, and turn 
them, by a rope passing round the log and windlass. 

Fig. 18— a cant hook for rolling logs. 

Fig. 19 — a double dog, fixed into the hindmost head- 
block, used by some to hold the log. 

Fig. 20 — are smaller dogs to use occasionally at either 
end. 

Figs. 21, 22, represent the manner of shuting water on 
a flutter-wheel by a long, open sbute, which should not 
be nearer to a perpendicular than an angle of 45 degrees, 
test the water should rise from the shute and take air, 
which would cause a great loss of power. 

Fig. 23 represents a long, perpendicular, tight shute; the 
gate 23 is always drawn fully, and the quantity of water 
regulated at the bottom by a little gate r, for the purpose. 
There must be air let into this shute by a tube entering 
at a. (See Art. 71 .) These shutes are for saving expense 
where the head is great, and should be much larger at the 
upper than at the lower end, else there will be a loss of 

Kwer. They must be very strong, otherwise they will 
rst. The perpendicular ones suit best where a race 
within 12 feet of the upper side of the miU. 



OPERATION. 

The sluice drawn from the penstock 10, puts the wheel 
11 in motion — the crank 12 moves the saw-gate, and saw 
9, up and down, and as they rise they lift up the lever 
S, which pushes forward the hand-pole 3, which moves 
the rag-wheel 5, which gears in the cogs of the carriage 
4t and draws forward the log 16 to meet the saw, as much 
as is proper to cut at a stroke. When it is within 3 
inches of being through the log, the cleet C, on the side 
of the carriage, arrives at a trigger and lets it fly, and 
the sluice gate shuts down ; the miller instantly draws 
water on the wheel 14, which runs the log gently 
back, &4). 
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ARTICLE 169. 
DESCRIPTION OF A FULLING-MILL. 

Fig. 19, Plate XXIV., is the penstock, water-gate, and 
spout of an overshot fulling-mill, the whole laid doira 
from a scale of 4 feet to an inch. 

Fig. 20— one of the 3 interties, that are framed with 
one end into the front side of the top of the stock-block; 
the other ends into the tops of the 3 circular pieces that 
guide the mallets ; they are 6 feet long, 5 inches wide, 
and 6 deep. 

Fig. 21 are two mallets ; they are 4 feet 3 inches long, 
21 inches wide, and 8 thick, shaped as in the figure. 

Fig. 22 — their handles, 8 feet long, 20 inches wide, and 
3 thick : a roller passes through them, 8 inches from the 
upper ends, and hangs in the hindermost corner of the 
stock-post. The other ends go through the mallets, and 
have each, on their underside, a plate of iroi^ faced with 
steel and hardened, 2 feet lon^, 3 inches wide, fastened 
by screw-bolts, for the tappet-blocks to rub against while 
lifting the mallets. 

Fig. 23 — the stock-post, 7 feet long, 2 feet square at the 
bottom, 15 inches thick at the top, and shaped as in the 
figure. 

Fig. 24 — the stock where the cloth is beaten, shaped 
inside as in the 6gure, planked iumle an high as Ibe dolled 
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inches each side of the shaft, 12 inches wide, and 4 thick. 
There is a mortise through each of them, 4 inches wide, 
the length from shaft to tappet, for the ends of the mal- 
let handles to pass throoffh. The tappets are 4 pieces 
ol hard wood, 12 inches long, 5 wide and44 thick, made 
in the form of half circles pinned to the ends of the 
arms. 

Fig. 27 — an overshot water-wheel, similar to those in 
other mills. 

Fig. 28 — one of the 3 sills, 16 feet long, and 16 inches 
square with walls under them, as in the figure. 

OPERATION. 

The cloth is put in a loose heap in the stock 24 ; the 
water being drawn on the wheel, the tappet-arms lift the 
mallets, alternately, which ^strike the under part of the 
heap of cloth, and the upper part is continually falling 
over, and thereby turning and changing its position under 
the mallets, which are shaped as in the figure, to produce 
this effect. 

JDescription of the Drawings of the iron-fiwrkf Plate 

XXIV. 

Fig. 1 is a spindle, 2 the balance-ryne, and 3 the driver, 
for a mill-stone. The length of the spindle from the foot 
to the top of the neck is alx>ut 5 feet 3 inches ; cock-head 
8 or 9 inches from the top of the neck, which is 3 inches 
lon^, and 3 diameter; blade or body "A\ by 2 inches; foot 
\\ inch diameter ; the neck, foot and top of the cock-head» 
steeled, turned, and hardened. 

Fig. 2 — the balance-ryne is sometimes made with 3 
horns, one of which is so short as only to reach to the top 
of the driver, which is let into the stone directly under 
it ; the other to reach nearly as low as the bottom of the 
driver : of late, they are mostly made with 2 horns only ; 
this may be made sufficiently fast by making it a little 
wider than the eye, and letting^ it into the stone a little 
OQ each side, to keep it steady and prevent its moving 
sideways. Some choose them with 4 horns, which fiU 
the eye too much. 

^ 29* ' 



Fig: 3 ift« driver, about 15 inches long. 

Fig. 4 — ^the step for the spindle foot to ran in. It is 
a box 6 inches long, 4 inches wide at the top, but less at 
bottom, and 4 inches deep outside, the sides and bottom 
half an inch thick. A piece of iron 1 inch thick is fitted 
to lie tightly in the bottom of this box, but not welded : 
in the middle of this is welded a plug of steel !( inch 
square in which is punched a hole a quarter of an inch 
deep, to fit the spindle-foot. The box must be tight, to 
hola oil. 

Fig. 5 — a step-gudgeon for large upright shafts, 16 
inches long and 2 square, steeled and turned at the toe. 

Fig. 6— the step for it, similar to 4, but proportionabljr 
less. 

Fig. 7 is a gudgeon for large bolting shafts, 13 inches 
long, and 1| square. 

Fig. 8 — a large joint-gudgeon, tang 14 inches, neck 5, 
and tenon 2 inches long, 1| square. 

Fig. 9 — the socket part to fit the shafts, with 3 riret- 
holes in inch. 

Fig. 10, 14, 18 — pitman irons, described Art. 158. 

Fig. 15, the wallower gudgeon, tang 16 inches, neck 
3i inches long, and 2| diameter. 

Fig. 16 — the water-wheel gudgeon, tang 3 feet 2 inches 
long, neck 4| inches long, 3| square. 

Fig. 17 — a saw-mill crank, described Art. 158. 

N. B. — The spindle-ryne, &c., is drawn from a scale 
of 2 feet to an inch, and all the other irons 1 foot to aa 




:hm^fa,] OF RAW-MILLS. 343 

Qdeasuring from the outsides, set it by the gate ahd not 
l>y a plamb line, with the upper teeth about half an inch 
[arther forward than the lower ones : — this is to give the 
law liberty to rise without cutting, and the log room to 
push forward as it rises. Run the carriage forward, so 
that the saw may strike the block — strike up a nail, &o., 
there — run it back again its full length, and standing he- 
bind the saw, set it to direct exactly to the mark. Stretch 
the saw in the frame, rather the most at the edge, that it 
may be stififest there. Set it in motion, and hold a tool 
close to one side of it, and observe whether it touch equal, 
the whole length of the stroke — try if it be square with 
the top of the head-blocks, else it will not make the scant- 
ling square. 

Of whetting the Sarv. 

The edge of the teeth ou^ht to be kept straight, and 
not suffered to wear hollowing — set the teeth a little out 
equal at each side, and the outer corners a little ^ongest ; 
they will then clear their way. Some whet the under 
side of the teeth nearly level, and others a little drooping 
down, but it then never saws steadily, but is apt to rvood 
too much ; the teeth should slope up, although but very 
little. Try a cut through the log, and if it come out at 
the mark made to set it by, it is shown to be hung right. 

0/ Springing Logs Straight. 

Some long small logs will spring so much in sawing as 
to spoil the scantling, unless they can be held straight; 
to do which make a clamp to bear with one end against 
the side of the carriage, the other end under the log, with 
a post up the side thereof— drive a wedge between the 
post and log, and spring it straight; this will bend the 
carriage side — but this is no injury. 

Of moving the Legs to the Size of the Scantling^ SfC. 

Make a sliding-block to slide in a rabbet in front of 
the main head-block ; fasten the log to this with a little 
dog on each side, one end of which being round, is driven 
into a round hole, in the front zfide of the sliding-hlock, 
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the other flattened to drive in the log^ cutting acroie the 
grain, denting a little out-- it will draw the log tight, and 
eticlc in it the hotter. Set a poet of hard wood in the 
middle of the main block close to the sliding one, and to 
extend with a shoulder over the sliding one, for a wedge 
to he driven under this shoulder to keep the block tight 
Make a mark on each block to measure from — when the 
log is moved the key is driven out. The other end next 
the saw is best held by a sliding dog, part on each side 
of the saw, poiftted like a gouge, with two joint dogs, one 
on each side of the saw. 

Remedy for a long PitmoH. 

Make it in two parts by a joint 10 feet from the crank, 
and a mortise through a fixed beam, for the lower end 
of the upper part to play in, the gate will work more 
steadily, and all may be made lighter. 

The feed of a saw-mill ought to be regulated by a screw 
fixed to move^ the hand-i)ole nearer or farther from the 
centre of the* roller that moves it, which may be done, 
as the saw arrives at a knot, without stopping the mill. 



ARTICLE 161. 

The fnttowing Obsenmiions on Satt^Milh, ^-c, were cam^ 
munkattd bti William Fni^:Ncn, MiU-H\ 




CH>^93.] OFSAW-MILLa 345 

3Qt to suit the wheel C ; the fall A circled to suit the 
wheel and extending to F, 2 inches above the lower edge 
of the breast-beam, or higher, according to the size of the 
throat or sluice E, with a shuttle, or gate, sliding on F £, 
shutting against the breast-beam B : then 4 buckets out 
of 9 will be acted on by the water. The method of fas- 
tening the buckets or floats is, to^ step them in starts 
mortise^ in the shaft — see start G— 9 buckets in a wheel 
4| inches wide, see them numbered l, 2, &c. 

Fig. 2, the go back, is a tub wheel. Its common size 
is from 4| to 6 feet diameter, with 16 buckets. The 
water is brought on it by the trunk H. The bucket I, 
is made with a long tenon, so as to fasten it with a pin 
at the top of the wheel. 

TABLE 

Of the Dimensions of Flulter-ivheek. 

HeullSftet Bucket 5 feet Wheel 3 feet Throat 1} incfaer 

11 5^ 3 3 

10 6 3 31 

9 ^ 3 10 inches. 3} 

8 7 3 9 ^ 

7 7} 3 8 3{ 

6 8 3 7 p. 3i 

5 9 3 6 3} 

N. B.»The crank about 11 inchei, bat varies to suit the timber. 

The Pile Engine. 

Fig. 3, a simple machine for driving piles in soft bot- 
toms for setting mill-wails or dams on. It consists of a 
frame 6 or 7 feet square, of scantling, 4 by 5 inches, with 
2 upright posts 2 inches apart, 10 to 12 feet high, 3 by 3 
inches, braced from top to bottom of the frame, with a 
cap on top 2 feet long, 6 by S inches, with a pulley in its 
middle, for a rope to bend over, fastened to a block I, 
called a tup, which has 2 pieces, 4 inches wide between 
the uprights, with a piece of 2 inch plank T, 6 inches 
wide, framed on the ends, so as to slide up and down the 
upright posts S. This machine is worked by 4 or 6 men 
wno draw the tup up by the sticks fastened to the end of 
the rope K, and let it fall on the pile L ; they can thus 
strike 30 or 40 strokes in a minute ; by the swing of their 
num. 
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Of building Dams an soft FoumkUions. 

The best method is to lay 3 sills across the stream, and 
frame cross sills into them up and down stream, setting 
the main mud sills on round piles, and pile them with 2 
inch plank, well jointed, and driven closely together, 
edge to edge, from one end to the other. Taking one 
corner off the lower end of the plank will cause it to 
keep a close joint at bottom, and by driving an iron 
dog in the mud-sill, and a wooden wedge to keep it close 
at the top end, it will be held to its place when the top 
strikes. It is necessary to pile the outside crow sills 
also in some bottoms, and to have wings to ran 10 or 13 
feet into the bank at each side ; and the wing-posts 2 or 
3 feet higher than the posts of the dam, where the water 
falls over, planked to the top N N, and filled with dirt to 
the plate O. 

Fig. 4 is a front view of the breast of the tumbling 
dam. 

Fig. 5 is a side view of the frame of the tumbling dam, 
on its piling abode, and f g h is the end of the mud- 
sills. The posts k, are framed into the main mud-sills 
with a hook tenon, leaning down stream 6 inches in 7 
feet, supported by the braces 11, framed into the cross 
pills I ; the cross sills I to run 25 feet up and down stream, 
and to be well planked over, and the breast-posts to be 
planked to the top, (see P, fig. 4,) and filled with dirt 




eta^ SI) THE PATH TO NEW INVEimONa 347'- 

CHAPTER XXVI. 

BDUEB FOB DI8CX>T£KIN6 HEW IMPROVEMENTS ; EXEMPLIFIED Of Of* 
PROVING THE ART OF CLEANING AND HULLING RICE, WARMING 
ROOMS, VENTING SMOKE RY CHIMNEYS, &JC.* 

The true Path to Inventions. 

Necessity is called the mother of invention, but, upon 
inquiry, we shall find that Reason and Experiment bring 
it torth ; for almost all inventions have resulted from such 
steps as the following : — 

L To investigate the fundamental principles of th^ 
theory, and process of the art, or manufacture, we wish 
to improve, 

II. To consider what is the best plan, in theory, that 
can be deduoed from, or founded on, those principles, to 
produce the effect we desire. 

III. To inquire whether the theory be already put in 

firactice to the best advantage; and what are the imper« 
ections or disadvantages of the common process, and 
what plans are likely to succeed better. 

IV. To make experiments in practice, upon any plans 
that these speculative reasonings may suggest, or lead to. 
Any ingenious artist, taking the foregoing steps, will pro- 
bably be led to improvement on his own art: for we see 
by daily experience, that every art may be improved. 
It will, however, be in vain to attempt improvements, 
unless the mind be freed from prejudices in favour of es- 
tablished plans. 

EXAMPLE I. 

On the Art of cleaning Orain hy Wind. 

I. What are the principles on which the art is founded ? 
When bodies fall through resisting mediums, their velo- 

* The ralM and obverrationt, which formed an appeodiz to the former editiooe of 
thb work, contaia some sa^gesUons which are worthy of atteottoo. Since thef 
were wriHeii, many improvement* have been made in the proeeeeee to which they 
reftr; hat the path U still opea, and perhaps the remarks made by Mr. I&vaiis» ma/ 
yet lead to awful reinlt ; with this hope, they have, with some modifieations been 
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cities are as their specific graTities» and the sar&ce they 
expose to the mediocn; consequentlyi when liffht and 
heavy articles are mixed together, the farther they hU. 
the greater will be their distance apart: on this principle 
a separation can be effected. 

II. What is the best plan in theory? First, make a 
current of air, as deep as possible, for the erain to &11 
through ; the lightest will then be carried farthest, and 
the separation be more complete at the end of the fall. 
Secondly, cause the grain, with the chaff, &c., to fall in 
a narrow line across the current, that the light parts may 
meet no obstruction from the heavy in being carried for* 
ward. Thirdly, fix a moveable board edgewise to sepa- 
rate between the good clean, and the light grain, &c. 
Fourthly, cause the same blast to blow the grain several 
times, and thereby effect a complete separation at one 
operation. 

III. Is this theory in practice already? what are the 
disadvantages of the common process ? We find that the 
farmers' common fans drop the grain in a line 15 inches 
wide; to fall through a current of air about 8 inches deep, 
instead of falling in a line half an inch wide, through a 
current three feet deep ; so that it requires a very strong 
blast even to blow out the chaff; but garlic, like grains, 
&c., cannot be thus removed, as they meet so much ob- 
struction from the heavy grains; the grain, has, therefore, 
to umlergi) tuo ui~ luttt^ ^Ul^U t^pu*aUv*h.'*, *"^u lucil lliiL^ |iia^ 
lice appears absurd, when tried by the scale of reason- 
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II. The best plan, in theory, for effecting this, appears 
to be as follows : the fire shoald be applied to the still, so 
as to spend the greatest possible part of its beat to heat 
the liquid. Secondly, the steam should be conveyed into 
a metallic vessel of any suitable form, and this should be 
immersed in cold water, to condense the steam; in order 
to keep the condenser cold, there should be a stream of 
oold water continually entering the bottom and flowing 
over the top of the condensing tub; the steam should 
have no free passage out of the condenser, else the 
strongest part of the liquor will escape. 

III. Is this theory already put in practice, and what 
are the disadvantages of the common process? — 1st, A 
^reat part of the heat escapes up the chimney. 2dly, It 
IS almost impossible to keep the grounds from burning in 
the still. 3dly, The fire cannot be regulated to keep the 
still from boiling over; we are, therefore, obliged to run 
the spirit off very slowly ; how are we to remedy these 
disadvantages? — First, to lessen the fuel, apply the 
fire as much to the surface of the still as possible ; enclose 
the fire by a wall of clay that will not convey the heat 
away so fast as stone; let in no more air than is necessary 
to keep the fire burning, for the surplus air carries away 
the heat of the fire. S,econdly, to keep the grounds from 
burning, immerse the still, with the contain^ liquor, in a 
vessel of water, joining their tops together; then, bv ap- 
plying the fire to heat the water in the outside vessel, the 
grounds will not burn, and by regulating the heat of the 
outside vessel the still may be kept from boiling over. 

IV. A still to be heated through the medium of water, 
was made, some years ago, by Colonel Alexander Ander- 
son, of Philadelphia, and the experiment tried; but the 
outside vessel bein^ open, the water in it boiled away, 
and carried off the heat, and the liquor in the still could 
not be made to boil — this appeared to defeat the scheme. 
But, by enclosing the water in a tight vessel, so that the 
steam could not escape, and that the heat mi^ht be in- 
creased, it now passed to the liquor in the still, which 
boiled as well as if the fire had been immediately applied 
to it By fixing a valve to be loaded so as to let the 

30 
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steam escape, whea it has arrived to suoh a degree of 
heat as to require it» all danger of explosion is aroided, and 
all boiling over prevented. 

EXAMPLE III. 
7%e Jlrt of venting Smoke from Rooms ly Chimneys. 

I. The principles are : — Heat, by repelling the parti- 
cles of air to a greater distance than when cold, renders 
it lighter than cold air, and it will rise above it forming 
a current upwards, with a velocity proportional to the 
decree of heat, and the size of the tube or funnel of the 
chimney, through which it ascends, and with a power 
proportional to its perpendicular height; which power 
to ascend will always be equal to the difference of the 
weight of a column of rarefied air of the size of the small* 
est part of the chimney, and a column of common air of 
equal size. 

II. What is the best plan, in theory, for venting smoke, 
that can be founded on these principles? 

Ist. The size of the chimney must be proportioned to 
the size and closeness of the room and to the fire ; be- 
cause, if the chimney be immensely large, and the fire 
small, there will be little current upwards. And again, 
if the fire be large, and the chimney too small, the smoke 
cannot be all vented by it: more air being necessary to 
supply the fire, than can find vent up the chimney, it 
\\xsl spread in the room gLiniTK which air> afu 




Clu^ 940 THE FATH TO NEW INTENTIOm. 35I 

4tbl7. By letting in air any where above the breast 
or opening, which destroys the current of it at the bot- 
tom. 

IV. The cures directed by the principles and theory, 
are, 

Ist. If the chimney smoke on account of being too 
large for the size and closeness of the room make the 
chimney less at the bottom — its size at the top may not 
do much injury, but it wilt weaken the power of ascent, 
by giving the smoke time to cool before it leave the chim- 
ney ; the room may be as tight, and the fire as small as 
you please, if the chimney be in proportion. 

2dl^. If it be small at the top and large at the bottom, 
there is no cure but to lessen it at the bottom. 

3dly. If it be too small, which is seldom the case, stop 
up the chimney and use a stove — it will be large ejiough 
to vent all the air that can pass through a two inch hole, 
which is large enough to sustain the fire in a stove. 
Chimneys built in accordance with these theories, I be- 
lieve, are every where found to answer the purpose. 
(See Franklin's letters on smoky chimneys.) 

EXAMPLE IV. 

The art of warming Booms by. Fire. 

L Consider in what way fire operates. 

1st. The fire heats and rarifies the air in the room, 
which gives us the sensation of heat or warmth. 

2dly. The warmest part of the air being lightest, rises 
to the uppermost part of the room, and will ascend 
through holes (if there be any) to the room above, making 
it warmer than the one in which the fire is. 

3dly. If the chimney be too open, the warm air will 
fly up it, leaving the room empty; the cold air will then 
rush in at all crevices to supply its place, which keeps 
the room cold. 

11. Considering these principles, what is the best plau 
in theory, for warming rooms? 

1st. We must contrive to apply the fire to spend al[ 
its heat, to warm the air which comes into the room. 
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Sdly. The warm air must be retained in the room as 
long as possible. 

3dly. Make the fire in a lower room, condacting the 
heat through the floor into the upper one, and leaving 
another hole for the cold air to descend to the lower 
room. 

4thly. Make the room so tight as to admit no more 
cold air, than can be warmed as it comes in. 

5thly. By closing the chimney so as to let no warm air 
escape, but that which is absolutely necessary to sustain 
the fire — a hole of two square inches will be sufficient 
for a very large room. 

6thly. The fire may be supplied by a current of air 
brought from without, not using any of the air already 
warmed. If this theory, which is founded on true prin- 
ciples and reason, be compared with common practice, 
the errors will appear, and may be avoided. 

I had a stove constructed in accordance with these 
principles, and have found all to answer according to 
theory. 

The operation and effects are as follows ; namely : — 

1st. It applies the fire to warm the air as it enters the 
room, and admits a full and fresh supply, rendering the 
room moderately warm throughout. 

2dly. It effectually prevents the cold air from press- 
ing in at the chinks or crevices, but causes a small cur- 
rent to pa^s outward. 

3dly. It conveys the coldest air out of the room first. 
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Description of the Phihsophical and Ventilating Stove. 

It consists of three parts, either cylindrical or square, 
the greatest surrounding the least. (See fig. 1, Plate X.) 
S F is a perspective view thereof in a square form, sup- 

{)Osed open at one side: the fire is put in at F, into the 
east part, which communicates with the space next the 
outside, where the smoke passes to the pipe 1 — 5. The 
middle part is about two inches less than the outside part, 
leaving a large space beftween it, and above the inner 
part, for an oven, in which the air is warmed, being 
brought in by a pipe B D between the joists of the floor, 
from a hole in the wall at B, it rises under the stove at D, 
into the space surrounding the oven and the fire, which 
air is again surrounded by the smoke flue, giving the fire 
a full action to warm it, whence it ascends into the room 
by the pipe 2. E brings air from the pipe D B to blow 
the fire. H is a view of the front end plate, showing the 
fire and oven doors. I is a view of the back end, the plate 
being off. the dark square shows the space for the fire, 
and the light part the air-space surrounding the fire, the 
dark outside space the smoke surrounding the air ; these 
are drawn on a larger scale. The stove consists of fifteen 
plates, twelve of which join, by one end, against the front 
plate H. 

To apply this stove to the best advantage, suppose 
fig. 1, plate X., to represent a three or four story house, 
two rooms on a floor — set the stove S F in the partition 
on the lower floor, half in each room ; pass the smoke 
pipe through all the stories; make the room very close; 
let no air enter but what comes in by the pipes A B or G 
C through the wall at A and G, that it may be the more 
pure, and pass through the stove and be wacmed. But 
to convey it to any room, and take as much beat as pos- 
sible with it, there must be an air-pipe surrounding the 
smoke pipe, with a valve to open at every floor. Sup- 
pose we wish to warm the rooms No. 3 — 6, we open the 
valves, and the warm air enters, ascends to the upper 
part, depresses the cold air, and if we open the holes a— c. 
It will descend the pipes, and enter the stove to be 
warmed again : this may be done in very cold weather. 

30* 
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The higher the room above the stove, the more powerfully 
will the warm air ascend and expel the cold air. But if 
the room require to be ventilated, the air must be pre- 
vented from descending, hj shutting the little gate 2 or 5« 
and drawing 1 or 6, and giving it liberty to ascend and 
escape at A or G— or op the chimney, letting it in close 
at the hearth. If the warm air be conveyed under the 
floor, as between 5 — 6, and let rise in several places, with 
a valve at each, it will be extremely convenient and 
pleasant; if above the floor, as at 4, several persons might 
set their feet on it to warm. The rooms will be male- 
rately warm throughout — a person will not be sensible of 
the coldness of the weather. 

One large stove of this construction may be made to 
warm a whole house, ventilate the rooms at pleasure, 
bake bread, meat, &c. 

These principles and improvements ought to be con- 
sidered and provided for in building. 

EXAMPLE V. 
jSrt of HulKng and Cleaning Rice. 

Step. I. The principles on which this art may be 
founded, will appear, by taking a handful of rough rice, 
and rubbing it hard between the hands — the hulls will be 
broken off, and, by continuing the operation, the sharp 
texture of the^outside of the hull (which, through a mag- 
nifving glass, npnears Itke a sham, tine file, aiiiJ noflaubi. 
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EXAMPLE VI. 
7b save Ships from Sinkinff at Sea. 

Step. I. The principle on which ships float, is the 
difference of their specific gravities from that of the wa- 
ter, — sinking only to displace a quantity of water equal 
in weight to that of the ship, and its lading; they sink 
deeper, therefore, in fresh than in salt water. If we can 
calcalate the weight of the cubic feet of water a ship dis- 
places when empty, it will show how her weight, and sub- 
tracting that from what she displaces when loaded, shows 
the weight of her load ; each cubic foot of fresh water 
weighing 62,5 lbs. If an empty rum hogshead weigh 
62,5 lbs. and measure 15 cubic feet, it will require 875 
lbs. to sink it. A vessel of iron, containing air only, 9ind 
so large as to make its whole bulk lighter than so much 
water, will float, but if it l)e filled with water, it will sink. 
Hence, we may conclude, that a ship loaded with any 
thing that will float, will not sink if filled with water; 
but if loaded with any thing specifically heavier than wa- 
ter, it will sink as soon as filled. 
'• II. This appears to be the true theory : — How is it to 
be applied, in case a ship spring a leak, that gains on the 
pumps? 

Hi. The mariner, who understands well the above 
principles and theory, will be led to the following steps: 

1st. To cast overboard such things as will not float, 
and carefully to reserve evefy thing that will float, for by 
them the ship may at last be buoyed up 

2dly. To empty every cask or thing that can be made 
water-tight, to put them in the hold, and, fasten them 
down under the water, filling the vacancies between them 
with billets of wood ; even the spars and masts may in des- 
perate cases, be cut up for this purpose, which will fill 
the hold with light matter, and as soon as the water in- 
side is level with that outside, no more will enter. If 
every hogshead buoy up 875 lbs., they will be a great 
help to buoy up the ship, (but care must be taken not to 
put the empty caska too low, which would overset the 
* ship,) and she will float, although half the bottom be torn 



356 



TH£ PATH TO N£W INVfiNTiONiL 



lCI«f.«4 



off. Mariners, for want of this knowledge, often leave 
their ships too soon, taking to their boats, although the 
ship be much the safest, and do not sink for a long time 
after being abandoned — not considering that, although 
the water gain on their pumps at first, they may be able 
to hold way with it when risen to a certain height in the 
hold, because the velocity with which it will enter, will 
be in proportion to the square root of the difference be- 
tween the level of the water inside and outside — added 
to this, the fuller the ship the easier the pumps will work, 
because the water has to be raised to a less height; there- 
fore, they ought not to be too soon discouraged. 



Descripiion of the Thrashing Machine, with elastic Fiaik ; 
invented by James Wardrop, of AmpthiU^ Virginia.^ 



PLATE XXV. 
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CONTAINING 

Ji Description of a Merchant Flour MiU, on the most op- 
proved Construction, with the recent Improvements^ with 
two additional Plates. 

BT CADWALLADER and OLIVER EVANS, EsiGiicEKms; 

AND 

XSXTBAOTfe 

FROM SOME OF THE BEST MODERN WORKS ON THE SUBJECT 
OF MILLS, WITH OBSERVATIONS BY THE EDITOR. 



Deseriptionofa Merchant FUmr Mill, driving four Pairs, 
of five feet Mill-Stones; arranged hy Cadwallader 
and Oliver Evans, Engineers, Phlade^hia. 

PLATE XXVII. 

1 — A hollow cast-iron shaft, circular, 15 inches in dia- 
meter except at those points where the water and main 
bevel-wheels are hung, where it is increased to 19 
inches in diameter.' The water-wheel is secured on 
this shaft by 3 sockets, as represented in Plate XX VIII, 
fig. 3, and makes 10 revolutions per minute. 

2— The main driving bevel-wheel, on the water-wheel 
shaft, 8 feet in diameter, to the pitch line; 100 cogs, 
3 inches pitch, and 8 inches on the face, revolving 10 
times per minute, and driving. 

I — A bevel-wheel on the upright, 4 feet in diameter to 
pitch-line; 50 cogs, same pitch and face of cogs as 
above, revolving 20 times per minute. 

I — ^The large pit spur-wheel, making 20 revolutions* per 
minute^ 9 feet 1 inch diameter, to pitch line ; 114 cc^s, 
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3 inches pitch, face 10 inches; this wheel gives mo- 
tion to • 

5, 5, 5, 5— Four pinions on the spindles of the mill- 
. stones, 18,1 inches in diameter to pitch line, 19 cogs, 

same face and pitch. 

6, 6, 6, 6 — Iron upright shafts, extending the height of 
the building, and coupled at each story, 

7, 7, 7, 7 — Are 4 pairs of five feet mill-stones, making 
120 revolutions per minute. Two of them shown in 
elevation ; and the position of the 4, shown in Plate 
XXVIII. as represented by the dotted lines, fig. 1. 

8 — A pulley on the upright shaft, which, by a baud, gives 
motion to 

8 — The fan for cleaning grain, revolving 140 times per 
minute, wings 3 feet long, 29 inches in width. 

9 — A bevel wheel 2 feet diameter, cogs 2 inches pitch, 
face 2,5 inches, on the upright shaft, gearing into a 
bevel wheel, the face of which is shown, drives the 
bolting screen 18 revolutions per minute. 

10 — A ^vel wheel on upright shaft, 56 cogs, 2 inches 
pitch, 2,5 inches face, gearing into 

10 — A bevel wheel on the shaft of the bolting reelsi 31 
cogs, same pitch and face. 

10, 10 — Are two or four bolting reels shown, 18 feet 
long, 30 inches diameter, revolving 36 times per mi- 
nute. 

11 — A large pulley on the upright shaft, which, by a 
band, gives motion to the rubbing ntone.9 IK 
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PLATE XXVIII. 

Figure 1, 

K bird's eye view of the mode of giving motion to4]pairs 

of mill-stones. 
I — ^The large pit spur-wheel, driving at equal distances 

on its periphery, the pinions. 
\ 5, 6, 6— -attached to the spindles of the mill-stones, 
r, 7, 7, 7 — Mill-stoneS| 5 feet diameter, represented by 

dotted circles. 

Figure 2, 

An enlarged view of the couplings of the upright shaft. 
They are of cast iron, with their holes truly reamed, 
to receive the ends of the iron upright shafts. 

2— The face of a coupling, divided into 6 equal parts, 
radiating from the centre: three of the parts project, 
and three are depressed, so that when two of them are 
coupled, the projections of one will fill the depressions 
in the other, as 1, the coupling connected. 

Figure 3, 

A cast-iron socket for the water wheel ; it. is a plate Jths 
of an inch thick ; the eye for the shaft to pass through 
1| inch thick, and 12 inches deep: the sockets, ^r 
receiving the arms, are 14 inches long; and have pro- 
jections 5 inches deep; 3 3 3, &c., are the projections; 
the intermediate space, between the sockets, are cut 
out to lessen the weight of metal, but in such a manner 
as to preserve the strength. It requires three of these 
sockets for a large water-wheel ; the arms for receiving 
the buckets, are dressed to fit tightly in the sockets; and 
secured firmly by bolts, as 2 2. 

Figure 4, 

Is an arm for the water-wheel, as dressed; 1^ the end to 
be bolted in the socket ; 2, the end for screwing on the 
bucket. 
The advantages of this mode of constructing water<» 
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wbeelsi is, that the shaft is not weakened, b^ having 
mortises cut in to receive the arm : that it is not so 
liable to decay, and if an arm, or bucket, be destroyed 
by accident, they can be dressed out, and the mill 
stopped, only while you unscrew the broken part, and 
replace it by a new one. 

Figure 6, 

An elevation of the flour press. 1, the barrel of floor; 
2, the funnel ; 3 3, the driver; 4 5, the lever ; 4 8, the 
connecting bars, fastened by a strong pin to each side 
of the lever, at 4, and to the driver at 3. 6, a strong 
bolt, passing through the floor, and keyed below the 
joist; there is a hole in the upper part of the bolt, to 
receive a pin which the lever works on, which, when 
brought down by the hand, moves the pin 4, in the 
dott^ circle; the connecting bars drawing down the 
drivers 3, pre88ing the flour into the barrel; and as 
it becomes harder packed, the power of the machine 
increases; as the pin 4 approaches the bolt 6, the under 
sliding part of the lever is drawn out, to increase its 
length ; and is assisted in rising by a weight fastened 
to a line passing over pulleys. 

When the pin 4 is brought down within half an inch 
of the centre of the bolt 6, or plumb line, the power in- 
creases from 1 to 288 ; and with the aid of a simple wheel 
end axjg, m 1 to 15, from ^S8 to 4320; or, if the wheel 
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screened, falls into the fan 8, is there cleaned, and from 
that descends into a very large hopper, over the centre of 
the four pairs of mill-stones, which are supplied regularly 
with grain. After being ground, the meal descends into 
a chest, is taken by the elevator 15, to the top of the 
building, there deposited under the hopper-boy, with 
spreads, cools, and collects it to the bolting reels, where 
the several qualities are separated, and the flour descends 
into the packing room 17, where it is packed in barrels. 

By thi^ arrangement, we dispense with all conveyers, 
and have only one grain, and one flour elevator, to attend 
two pairs of stones; we also dispense with one-half the 
quantity of gearing usually put into mills, and conse- 
quently, occupy much less space, leaving the rest of the 
building for stowing grain, &c. 

AH the wheels inthis mill are of cast iron, and the face 
of the cogs very deep; for experience justifies the asser- 
tion that depth of face in cog-wheels, when properly con- 
structed, does not increase friction ; and that the wheels 
will last treble the time, by a small increase of depth ; we 
recommend the main driving wheels to be 10 inches on 
the face. The journals of all shafts when great pressure 
is applied, should be of double the length now generally 
usea ; increase of length does not increase friction ; say for 
water-wheels, journals of from 8 to 14 inches. 

Draughts of mills arq furnished by the subscribers; and 
the cast-iron work can' be obtained, at the Steam Engine 
Manufactory and Iron Foundry of Messrs. Rush & Muh- 
lenburg. Bush Hill, Philadelphia. 

CADWALLADER EVANS, 
OLIVER EVANS. 

Jum, 15, 1636. 
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WATER-WHEELS. 

On the Construction of Water -IVheels, and ike method of 
applying the water for propelling them^ so as toprodua 
the greatest Effect. 

The following article is from the pen of a practical en- 
gineer of experience and talents ; his observations are, in 
general, in perfect accordance with those of the editor. 
The principles which he advocates are undoubtedly cor- 
rect, and it is hoped that their publication in this work 
will induce some of our most intelligent mill-wrigbts to 
forsake the beaten track, and to practice the modes re- 
commended. Let them recollect that Mr. Parkin was 
not a mere theorist, but a practical man, like themselves. 
The death of this gentleman has deprived society of the 
service of one of its members, from whose liberality, 
experience, and skill, much was expected. 

[from the franklin journal.] 

In constructing water-wheels, especially those of gmt 
power, the introduction of iron is a most essential im- 
provement, and if this metal, and artisans skilled in work- 
ing it, could be obtained at reasonable rates, water-wheels 
Am bo made wholly of it, arid would 
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yantageoQsly worked with the undershot wheel ; falls of 
10 feet and upwards, by the bucket or breast-wheeU 
which, up to 20 or 25 feet, ought to be made about one-sixth 
higher than the fall of water by which it has to be worked ; 
ana in wheels of both descriptions, the water ought to 
flow on the wheel from the surface of the dam. I am 
aware that this principle is at direct variance with the 
established practice, and perhaps there are few wheels ia 
the States that can be worked, as they are now fixed, 
by thtu applying the water; the reasons will be apparent 
fifom what follows. 

In adjusting the proportions of the internal wheels by 
which machinery is propelled, it is necessary, in order 
to obtain the greatest power, to limit the speed of the 
skirt of the water-wheel, so that it shall not be more than 
from 4 to 5 feet per second ; it having been ascertained 
by accurate experiments, that the greatest obtainable 
force of water, is within these limits. As a falling body, 
water descends at the speed of about 16 feet in the first 
second, and it will appear evident that if a water-wheel 
is required to be so driven, that the water with which 
it is loaded has to descend 10, II, or 12 feet per second, 
at which rate y> heels are generally constructed to work, 
a very large proportion of the power is lost, or, rather, is 
spent, in destroying, by unnecessary friction, the wheel 
upon which it is flowing. 

In the common way of constructing mill work, and of 
applying water to wheels, it has been found •indispensa- 
bly necessary to have a head of from 2 to 4 feet above 
the aperture through which the water flows into the 
buckets, or against the floats of a water-wheel, in order 
to be able to load the wheel instantaneously, without 
which precaution, it could not be driven at the required 
speed : from this circumstance it has been erroneously in- 
ferred, that the impulse or shock which a water-wheel, 
so filled receives, is greater than the power to be derived 
from the actual gravity of the water alone. This theory 
I have heard maintained among practical men ; bat it is, 
in fact, only resorting to one error to rectify another. 
Overshot wheels have been adopted, in numenyis cases, 
merely for the purpose of gettibg the water more readi- 
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]y into the buckets ; but confine the wheel to the proper 
working speed, and that difficulty will not exist. 

In consequence of the excessive speed at which wa- 
ter-wheels are generally driven, a small accumulation of 
back water either suspends or materially retards their 
operations; but, by properly confining their speed, the 
resistance from back water is considerably diministhed, 
and only amounts to about the same thing as working 
from a dam as many inches lower, as the wheel is im- 
mersed ; and in undershot wheels worked from a low head, 
or situated in the tide- way, the resistance from back wa« 
ter may be farther obviated by placing the floats not ex- 
actly in a line from the centre or the wheel, but deviating 
6 or 8 inches from it, so as to favour the water in leaving 
the ascending float. 

In constructing water-wheels to be driven at the speed 
of 4 or 5 feet per second, it will be requisite to make 
them broader, to work the same quantity of water which 
is required to drive a quick-speeded wheel. Thus if a 
person intending to erect a mill, has a stream sufficient to 
work a wheel 5 feet broad, the skirt to move 10 feet per 
second, it is evident that if he wishes to work all the wa- 
ter which such wheel takes, he must have his wheel 10 
or 12 feet broad, instead of 5, otherwise the water roust 
run to waste, as there would not be room, in a slow- 
moving wheel of 5 feet broad, to receive more t^ian half 
of it- The principal ail\ rujlnges reKulling from tht* pro- 
lOSpd mcUiod uF adntitiTi'^ wheels lo the fall 
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as one much shallower, and consequently less expensive, 
will l>e sufficient. 

4. The resistance of back water is reduced as far as 
possible. 

5. The risk of fire is less, as the friction is reduced. 

W. Parkin, Etigineer. 

ApUmber Utk, 18*25. 



That water, whenever the fall is sufficient, ought always 
to be applied upon the principle of its actual gravity, ap- 
pears to be a conclusion so obvious, that it is astonishing 
It should ever be disputed. The acknowledged differ- 
ence between the effect of overshot and undershot wheels, 
is an evidence of the truth of the principle. The whole 
moving power of Water is derived from its gravity: it is 
this which causes it to fall, and although in falling from 
a given height it acquires velocity, its gravitating force 
remains the same, and all the effect which this might 
have produced, has been expended upon itself, and not 
in moving any other body% The force with which water 
strikes, after it has fallen from any height, is calculated 
to deceive those who are not well grounded in the prin- 
ciples of hydrostatics: but it is admitted both by Mr. 
Evans and Mr. Ellicott, that the effect upon overshot 
wheels is diminished, by increasing the head, and the 
reason given for leaving the head so great as they pre- 
scribe, is the necessity of filling the buckets with suffi- 
cient rapidity; this necessity, however, is created by 
giving tod much velocity to the wheel. 

It has been stated by Mr. Evans, and is generally be- 
lieved by mill-wrights, that it is necessary to give a much 
greater velocity to wheels, than that which is recom- 
mended by Smeaton and others, in order to cause the 
mill to run steadily, and prevent its being suddenly 
checked by an increased resistance. This is saying that 
the water-wheel ou^ht to be made to operate as a fly- 
wheel, which it will not do if its motion be slow. Tne 
objection to this is twofold. By giving to the skirt of 

31* 
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the wheel a motion much exceeding 4 or 5 feet per^ se- 
cond, its power is considerably reduced below the maxi- 
mum, and this loss of power is perpetual ; wasting a con- 
siderable portion of water, to convert the water-wheel 
into a fly-wheel, which water might be employed in 
giving greater power to the mill. VVhen a mill, from the 
nature of the work which it has to perform requires the 
action of a fly-wheel, the situation of the water-wheel is 
often the worst that could be devised for this purpose, 
especially where there is any considerable gearing in the 
mill. A fly-wheel does not add acttial power, but it 
serves to collect power, where the resistance is unequal; 
and in order to its producing this effect most perfectly, 
it ought to be placed as near as possible to the working 
part of the machinery. In grist mills there is no neces- 
sity for a fly-wheel; the stones perform this ofiice in the 
most effectual manner, and the same remark is applica- 
ble to every kind of mill without a crank, and in which 
the resistance is equil, or nearly^ so, during the whole 
time of its action. 

Although we have spoken highly of the general views 
given by Mr. Parkin, in his communication to the Frank- 
Un Journal, he has fallen into ^ome mistakes, which were 
pointed out by a writer in the same publication. Vol. IV., 
page 166. A part of this communication is subjoined, 
as it contains remarks, and a tabular view of the veloci- 
ties attained, and tlie distances fallen throu^h^ by bodies, 
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of reference, an article on water- wheels, pabliahed in this 
Jonrnal, (VoL I. p. 103,) which being the production of 
a practical engineer, and having passed the inspection of ^ 
a scientific committee, may be considered as corroborating 
mj commencing observations. In the third paragraph of 
that article is the following sentence: • As a falling body, 
uater descends at the speed of nearly 16 feet in the first 
second, and it will appear evident, that if a water-wheel 
is required to be so driven, that the water with which it 
is loaded has to descend 10, 11, or 12 feet per second, at 
which rates wheels are generally constructed to work, 
that a very large proportion of the power is lost.' 

" Here, in the first place, we find speed, or vilocity^ con- 
founded with the distance fallen in the first second; 
whereas, the latter is 16 feet, and the former is accele- 
rated, from nothing, at the commencement, to 32 feet pei* 
second, at the end of the first second ; so that this part of 
the sentence conveys, strictly no intelligible meaning; it 
is, nevertheless, made a standard, by a comparison be- 
tween which, and any given velocity of a water wheel, 
we are to infer the loss of power sustained through ex- 
cess of speed ; thus, in the case of a wheel whose velocity 
is 10 or 12 feet per second, comparing these numbers 
with the mysterised number 16, the writer concludes, 
* that a very large proportion of the power is lost.* The 
height of the fall which indicates the whole amount of 
the power*, is not mentioned, but surely, to estimate the 
proportio7i between a defined part, and undefined whole, 
is impossible. 



" I have made a calculation of the distances, and velo-* 
cities,* attained by falling bodies, in various fractional 
parts of a second, which is here introduced for the infor- 
mation of those practical and theoretical engineers, who 
have avoided the labour of doing it for themselves. 

**I have proceeded on the following established data : 
namely : — 

'* Heavy bodies fall through a distance of 16 feet, in 
the first second ; at the end of which they have acquired 
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a Telocity of 3^ feet per second. — ^The velocity increases 
as the times. — The distance increases as the square 
of the times. 
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necessary to ascertain what distance the water oanst de- 
scend to acquire that velocity. Then, this distance com- 
pared with the whole fall answers the question. Thus : 
suppose the whole fall to be 10 feet, and the velocity of 
the wheel 4 feet per second ; this velocity is due to a fall 
of 3 inches, or one-fortieth part of the whole (all, which 
is the proportion sought. Or, suppose the velocity to be 
13 feet per second, which is due to a fall of 2 feet 7| 
inches, then the loss is rather more than one-fourth of 
the whole fall, of 10 feet. But, it must be especially 
noted, that these estimates embrace the supposition, that 
the water issues upon the wheel in the direction of the 
motion of its skirt, and precisely at that distance below 
the surface of the dam, which answers to the velocity of 
the wheel. Inattention to this particular, is a very im- 
portant and frequent cause of loss. L. M." 

With respect to the actual advantage of giving to over- 
shot wheels a motion much less rapid than that usually 
given, the following example \>'ill probably have more 
effect on the mind of the mere practical workman, than 
any reasoning that could be offered : and, in fact, reason- 
ing would be of little value ; were it not supported by 
practical results. 

The subjoined account is from the Technical Reposi- 
tory, a work published in London : — 



" On the comparative Mvantages of different Water 
Wheels, erected in the Untied States of America, by 
Jacob Perkins, Esq.; and tn this Country^ by Mr. 
George MA.nwARisG,£nyineer. 

"Mr. Perkins erected at Newburyport, a water 
wheel of 30 feet in diameter, on the plan of what is termed 
in America, ^pitch-back; but, in this country, a back- ^ 
shut; that is, one which receives the water nfear to its 
top, but not upon it, as in avershot-wheels ; this is, in- 
deed, the most judicious mode of laying water upon the 
wheel ; as, in case of floods, the wheel moves in the same 
direction with the water, and not in the opposite one; 
neither is it encumbered ; as in the overshot wheel, with 
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a useless load of water sit its top, where it does nothiog 
but add to the weight upon the necks or pivots of the 
wheel-shaft, and to the consequent loss of power by the 
increased friction upon them; whereas, in ihe pitch-baek^ 
or back-shut wheel, the water is laid on at a point, where 
it acts by its leverage in impelling the wheel, and has 
yet time to become settled in the buckets, previously to 
Its reaching the point level with the axis, where it acts 
with its greatest power. The wheel itself was construct- 
ed of oak; but with iron buckets; and it had a ring of 
teeth around it, which drove a cast-iron pinion, of three 
feet in diameter, which gave motion to three lying shafts, 
each of thirty feet in length, coupled together, so as to 
form aline of ninety feet; nnd from which, the necessary 
movements were communicated to the machinery for 
making nails. 

'* Mr. Perkins placed his pinion as close as possible un- 
der the pentrough, which delivered the water upon the 
wheel ; and he thus greatly lessened the weight upon the 
necks or gudgeons of the wheel-shaft, by suspending it, 
as it were, upon the pinion ; whereas, had he, as is usual, 
placed it on a horizontal line with the axis of the wheel, 
and on the opposite side of it, he would have loaded the 
necks with a double weight ; namely, the water upon one 
side of the wheel, and tiie resistance opposed by the ma- 
chinery to be driven by it, on the other. He also took 
care tbat the teeth upon the wheel, and the pinion, 
should alwav^s be knA met, or nm in tvatrr^ instead of 
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The trial, however, proved^ that in driving the nail ma^ 
chinerj, which had escaped the fire that destroyed the 
water-wheel, the new wheel required twice the quantity of 
fvater to work it which actuated the former one^ and only 
did the same work. 

*' Mr. Manwaring has also had an opportunity of veri- 
fying in this country, the advantages of a construction 
aimilar to Mr. Perkins's, in a cast-iron back-shut water- 
wheel of the same diameter as his, (namely, thirty feet,) 
and which also has a ring of teeth around it, driving a 
pinion of three feet in diameter, posited of the same side 
of the wheel as Mr. Perkins's, but not quite so high, it 
being a Uttle above the centre of the wheel, and the teeth 
of the wheel and pinion are always kept wet. This wheel 
is employed in grinding flour, at a corn-mill in Sussex, 
and drives six pairs of stones, besides the other necessary 
machinery, it moving at the rate of about three feet per 
second; and so great satisfaction has it given, that Mr. 
Manwaring is now constructing another water-wheel 
upon the same plan, and for the same proprietor; only 
that it will be wider, and is calculated to drive eight 
pairs of stones. 

*' We are glad to have* this opportunity of communi- 
cating these valuable practical facts: the same results be- 
ing also obtained in two countries so widely separated as 
the United States and England, make them more valua- 
ble; and prove, that when persons think rightly, they 
will naturally think alike." 



The foregoing example, although it relates to u pitch- 
back wheel may serve our purpose as well as if it had 
lieen an overshot; there being an evident similarly be- 
tween an overshot, with the water delivered on the top, 
with but little head, and the pitch back, as constructed 
by Mr. Perkins; and also, between an overshot with con- 
siderable head, and the breast wheel. 

The remarks made upon pitch-back wheels, are wor- 
thy the serious attention of the milUwright. Mr. Evans 
very correctly compares them, in their action, to over- 
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shots: Mr. Ellicott thinks "an overshot with equal 
head and fall, is fully equal in power," and has dismissed 
them in a very few words. The reason of this is evident ; 
the heady which they thought to be necessary, was not 
so easily managed with the pitch-back, as with the over- 
shot; but when it is admitted, that the water should be 
delivered at the surface of the dam, that the velocity of 
the wheel should not exceed 4 or 5 feet per second, and 
that its capacity for containing water should be increased, 
the difficulty vanishes altogether. The water, when 
emptied from the buckets, has its impulse in the right 
direction to carry it down the tail-race; and in case of 
back water; the greater facility with which it will move 
is undeniable. 

With respect to undersiiot wheels, Mr. Evans con- 
cludes that tiioy ouiilit to move with a velocity nearly 
equal to two-thirds (>f that of the water, and Mr Ellicott 
estimates the velocity at quite two-thirds. It would be 
saving but little to assert that tliis did not ajrree with 
theory; but it docs not accord with the opinions of many 
intelligent and experienced mill-wrighls. It was as- 
serted, upon theory, that the^ power of an undershoi 
wheel would be at a maximum, when the velocitv of tli** 
floats of the wheel was erjual to one-third of the velocity 
of the water; practice, however, did not coiifinn the 
truth of tliis theory ; and Borda has shown that the con- 
clusion was theoretically incorrect, applyifig only to the 
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The succeeding obsenratians are extracted from << Prac- 
tical Essays on Mill-work and other Machinery, by 
Robertson Buchanan/' Cast iron is very generally em* 
ployed in England, not only for the wheel-work of mills, 
frai also, for many parts of the framing ; the same prac- 
tice obtains in those parts of our own country, ^ere 
castinn cah be procured with facility, and wUl gain 

Srand as its real value becomes known. Of course, the 
losing extracts apply, in many instances to the use of 
this material ; but it will be found that the principles 
tipon which they are founded, will in general, apply to 
wood, as well as to iron. 

*' A Practical Inquiry respecting the Strength and Dura- 
HRty of the Teeth of Wheels used in kiU-foorh. 

<* Having treated of the forms of the teeth of wheels, I 
come now to consider their proportional strength, with 
relation to the resistance they have to overcome. 

'<I am aware, that owing to a great variety of circum* 
atences, this subject is involved in much difficulty, and 
that it is no easy task to form any general rule with re^ 

rid to the pitches and breadths of £he teeth of* wheek. 
do not pretend to more than a mere approximation 
towards general rules ; *yet, were this judiciously done, I 
am of opinion that it might be useful to the miU-wright, 
who has not had leisure or opportunity for scientific in- 
quiries. A rule, though not absolutely perfect, is better 
in all cases than to have no guide whatever. 

<^ And it is too evident to require proof, that it is essen- 
tial to the beauty and utility of any machine, that the 
strength and bulk of its several parts be duly proper* 
tioned to the stress, or wear, to which the parts may be 
subject 

*'Some general observations on the wheel-work of 
milb, wUi serve greatly to simplify our inquiries on the 
•object 
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'' General Observations on the Whed-work of Mils." 

'* Mistaken attempts at eoonomy have often prompted 
the use of wheels of too small diameter. This is an evil 
whioh ouffht carefully to be avoided. Knowing the pres- 
sure on the teethy we cannot, with propriety, reduce the 
diameter of the wheel below a certain measure. 

<< Suppose, for instance, a water-wheel of 20 herses' 
power, moviuff at the pitch line with a velocity of 3| feet 
per second. It is known th^t a pinion of 4 feet diameter 
might work into it, without impropriety; but we alio 
know that it would be exceedingly improper to substitute 
a pinion of only one. foot diameter, although the pressure 
and velocity at the pitch lines, in both cases, would be in 
a certain sense, the same. In the case of the small pinion, 
however, a much greater stress would be thrown on the 
journeys (or journals) of the shaft. Not, indeed, on le- 
count of tortion or twist, but on account of transYorv 
strain, arising as well from greater direct pressure, si 
from the tendency which the oblique action of the teeth, 
particularly when somewhat worn, would have to produce 
great friction, and to force the pinion from the wheel, and 
make it bear harder on the journals. The small pinion 
is also evidently liable to wear much faster, on account of 
the more frequent recurrence of the friction of each psr- 
ticulaiw tooth. 

Til Tit tbesge ohservatJons nre not without fGtindntif 
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be seen that, in many cases, a very great portion of the 
original power is expended, before any force is actually 
applied to the work intended to be pertbrined. 

'^ Notwithstanding the modern improvements in this 
department, there is still much to be clone. In the usual 
modes of constructing mills, due attention is seldom given 
to scientific principles. It is certain, however, that were 
these principles better attended to, much power, that is 
unnecessarily expended, would be saved. In general, 
this might be, in a great measure, obtained by bringing 
on the desired motions in a gradjaal manner, beginning 
with the first very slow, and gradually bringing up the 
desired motions by wheels and pinions of larger diame- 
ters. This is a subject which should be well considered, 
.before we can determine, in any particular case, what 
ought to be the pitch of the wheels. In the case above 
alluded to, where the supposition is a pinion of 4 feet 
diameter, or of 1 foot diameter, it is obvious, that the same 
pitch for both would not be prudent : that for the small 
pinion, ought to be much less than that which might be 
allowed in the case of the larger pinion. It is also equally 
obvious, that the breadth of the teeth, in the case of the 
small pinion, ought to be much greater than that in the 
case of the larger pinion. 

''It is evident, however, that although great advantage 
may often be derived from a fine pitch, that there is a 
limit in this respect, as also with regard to the breadth. 
We shall endeavour to find some trace of this limit in 
what follows : and, that we may the better do this, we 
shall call in the aid of propositions, which are true with 
respect to pieces of timber, or metal, subjected to ordinary 
causes of pressure. It is allowed that they cannot here, 
in strictness, be demonstrated, as applicable to wheel- 
work. Yet they will, for want of better light, serve at 
least to prevent any material practical error, with regard 
to the strength of the teeth of the wheels. For it is to be 
remembered, that we are not so much here in search of 
truths of curious or profound mathematical speculation, as 
of that kind of evidence of which the subject admits, and 
which may be sufficiently satisfactory for any practical 
purpose. 
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<« As cast iron jiinions an bow geperaUj used, and as 
the teeth of the pinioa are meat sub^ to wear» I think 
we are safe in tne present inqoixy^ in considering ^em 
all as cast iron. 

** The laws to which I have alluded in this inTeatiga- 
tioni are these : — 

^^^ Principles of proportioning the Strength of Teeih of 

Whecb. 

« * PROPOSITION L 

'< ' The strength of any Piece of Timber or Mad. 
whose section is a Rectangle, is in dsreet Proportion to the 
breadth, and as the Square oftlie Depth J* 

^' Hence may be inferred, that the strength of the teeth 
of wheels, moying at the same velocityi and under the 
same circumstances, is directly in proportion to their 
breadth, and as the 'square of their thickness. Thus, ftr 
example, if we double the breadth, we only double tibe 
strength ; but if we double the thickness, or, in other 
words, double the pitch, keeping the originid breadth, we 
increase the strength four times. 

*' For although when wheels are working aceoratelj, 
the strain is, at the same time, divided over seveml teett; 
yet as h very small inaccuracy, or even the interposition 
of any small body, such as a chip of wood, or stone, throws 
the whole stress upon a single toolh, in practice; there- 
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the 8trt9s t^p&n Hhypbtte is directlff as the Fotte and its 
dirtanceffwn thdtplate.^* 

"* PROPOSITION ra. 

" * The pitch being the satJUy the Stress is inversely as 
the Febcity.'i 

"For example — if the pitch lines of one pair of wheels 
be moving at the rate of 6 feet in a second, and another 
pair of wheels, in every other respect under the same cir- 
cumstances, be moving at the rate of 3 feet in a second, 
the stress on the latter, is double of that on the former. 



" Ofairanging the Numbers of Wheel-Work. 

*'In a machine, the velocity of the impelled point 
should be to that of the working point, in the ratio which 
is adapted to the maximum effect of the moving power 
on the one part, and the best working effect on the othlar 
part. Ajay other arrangement of the relative motions of 
the parts of a machine must clearlj be attended with a 
loss of power, or the work will not be done properly. 
But when the best working velocity is known, and, also, 
that which enables the first mover to produce the great- 
est effect, the proper arrangement of the numbers of the 
teeth of the wheels and pinions, is a very simple opera- 
tion. 

" It will be an advantage to advertise the young me- 
chanic of one or two essential particulars, before proceed- 
ing to the principal object. 

"In the first place, when the wheels drive the pinions, 
the number of teeth in any one pinion should not be less 
than 8 ; but rather let there be 11 or 12, if it can be done 
conveniently. And in the particular form of teeth pre- 
viously described, the number of teeth in a pinion should 
not be less than 10; but it would be better to have 13 
or 14. 

" Secondly — ^When the pinions drive the wheels, the 
number of teeth on a pinion may be less ; but it will not. 



• 8ee EoMfioa, Prop. 69. t See EmenoD, Ptap. 119» Rale & 

32* 
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in any case, be desirable to have fewer than 6 teeth on a 
pinion ; and give the preferenoe to 8 or 9, where it can 
D6 done with convenience. 

'< Thirdly — The number of teeth in a wheel should be 
prime to the number of teeth in its pinion, that is, the 
number representing the teeth in the wheel should not 
be divisible by the number of teeth in the pinion without 
a remainder. And as the numbers of pinions will, in 
general, be first settled, it will be an advantage to take 
a prime number for each pinion, as 7, 11, 13, 17, 19, 
23, &c., because such numbers are more seldom factors 
than others. But when it happens that a prime number 
can be directly fixed upon for the wheel, any whole num- 
ber which approaches near to the required ratio will an- 
swer fer the pinion ; as minute accuracy is not required. 
A prime number for the wheel, or one which is not di- 
visible by the number of the pinion, is esteemed the best, 
because the same teeth will not always come together, 
and the wear will be more uniform. 

" Fourthly — If it be desired that a given increase or 
decrease of velocity should be communicated with the 
least quantity of wheel-work, it has been shown that the 
number of teeth on each pinion should be to the number 
on its wheel, as 1 : 3,59 (Ur. Young's Nat. Phil. Vol. II. 
Art. 366.) But, on account of the space reouired for 
several wheels, and the expense of them, it will of\en be 
necessary to have 5 or 6 times the number of teeth on 
the wheel, that there is on the pinion* The mlio of I tS 
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** A very iMpeetaUa miU-wright informs me, that he 
ku for a ooiimeraUe time adopted the foUowioff role 
fw determimog the length of the teeUi of whe^ the 
praetioal efficacy of which he has found quite satiafoo- 
tory:— 

** Rvle—Make ike lenath of the tuth equal to the pitch, 
deducting freedom, (by the freedom is meant the distance 
at the top of one tooth and the root of another, measured 
at|the line of centres,) in other words, the distance from 
root to root of the teeth, at the line of t^etb, when the 
wheels are in action, exactly equal to the pitch. 

''For example — he makes the teeth of two inches pitch, 
one inch and thirteen-sixteenths in length, which is allow- 
ing three-sixteenths of freedom. 

''Another respectable mill-wright, who has had much 
experience, particularly in mills moved by horses, has, 
for a considerable time past, made the teeth of his wheels 
only one-half of the pitch in length, and works them as 
deep as possible, without the point touching the bottoms. 
Before he fell on this expedient, he found the teeth ex- 
ceedingly liable to be broken from any sudden motion of 
• the horses. 

" Indeed, upon reflection, it will be found that there is 
no occasion for more freedom, than that the point of the 
tooth of the one wheel, shall just clear the ring of the 
other ; more than this must only serve to weaken the 
teeth. The mode of gearing, however, above alluded to, 
is more necessary in norse mills than where the moving 
power is steady and regular. 

" Hutton (on clock-work) recommends making the dis- 
tance of the pitch line three-fourths of what we call the 
thickness of the tooth. Thus, suppose the rule applied 
to a two inch pitch, and that the tooth and space were 
exactly equd, then the tooth would project three-fourths 
of an inch beyond the pitch line, and its root would be as 
for within the pitch line, as to receive freely the tooth in- 
tended to act on it ; suppose it also three-fourths, t)ien the 
tooth would be one and a half inch long, besides the free- 
cjom, which making, as above, three^sixteenths, the tooth 
would be in all one and eleven-sixteenths inch long. 
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^'Biit it ir 1& be rMirttked, Ibtk Ae vHfll^^ght, in 
mftkiiig hit paitetn for a Mst itbn Wdeelt btt tb sttend to 
a oircnoMttoee arifiing from the tihiuM of that matotuL 
Th6 pattettt must not only be of aaeb a form n to be mS- 
ficiently strong, calculating by the balk of the parte, bot 
also proportioned, so that when the flnid metal la poured 
in the mould, it may cool in etery part neadj at the 
same time. 

" When due attention is not paid to this circumatanee, 
as the metal is cooline, if it contract faster in one part 
than in another, it wiH be apt to break somewhere, just 
as a drinking glass is broken by suddenly cooling or 
heating in any particular part of it In all patterns for 
cast iron, about one^ighth of an inch to the foot should 
be allowed for the contraction of the metal in cooling. 

" Attention, must also be paid to Xa^t the several parts, 
so that they may rise freely without injuring the mould, 
when the founder is drawing them out of tne sand. A 
little observation of the operations of a common foundry, 
will better instruct in this part of the subject than many 
words. We may observe, however, that about one-eix* 
teenth of an inch, in a depth of 6 inches, is commonly a 
sufficient taper. 

'' Attending to those circumstances, I beg leave to offer 
the following proportions as having been found to answer 
in practice. 

^* Make the thickness of the ring equal to the thickness 
of the tooth near its rout. When tin; 
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" On the other hand, care must be taken not to make 
the eye so thick as to endanger unequal cooling. . 

'' tt should be somewhat broader than the breadth of 
the teeth, in order that it may be the firmer on the shaft : 
this breadth must be greater in proportion as the wheel 
is large. 

*' When the ring is about an inch thick, it is common 
to make the eye a^ut an inch and a quarter in thickness, 
and about one-fifth broader than the ring, when the wheel 
is about four feet in diameter. 

** Small wheels have generally but four arms, but it 
being improper to have a great space of the ring unsup- 
ported, the number of arms should be increased in large 
wheels. 

" In order to strengthen the arms with little increase 
of metal, it is not unusual to make them feathered, which 
is done by adding a thin plate to the metal at right angles 
to the arm. 

"The same rules apply to bevelled wheels; of the 
practical mode of laying down the working drawings of 
which we have already spoken. But it is proper to ob- 
serve that the eye of a bevelled wheel should be placed 
more on that side which is farthest from the centre of the 
ideal cone, of which the wheel forms a part. 

" When wheels are beyond a certain size it becomes 
necessary to have patterns sometimes made for them, 
cast in parts, which are afterwards united by means of 
bolts. 

*• A very good mode to prevent the bad effects of une- 
qual contraction, is to have the arms curved ; the curved 
parts are commonly of the same radius as the wheel, and 
spring froiiti the half length of the arms." 



" OfMattedbk or Wrought Iron Grudgeonsy 

" Profestor Robinson states,* that the cohesive force of 
a square inch of cast iron is from 40,000 to 60,000 lbs. 
wrought iron from 60,000 to 90,000 lbs. 

'< In the year 1795, 1 had occassion to substitute east 

* Enejdopsdia Britenniem, artide, Btrtagth <f BUtariab, 4ISL 
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Iref^l^iidgeMiklbr Ihosetif wVMjiWt itoii* and ttide toine 
experimefitti «b thdie metalt, from irbteh I drew the Mr 
towing inftrebce: that gudgeons ofihe same size^ of east 
and (^wnmgkt irm^ inpraeiiee, are eefoMe at a medium, 
of sustaining weights without Jkzure^ tn the p^qportion ef 
9 to 14. 

'' Taking it for granted that this proportion is near the 
troth, we may find the diameter which any wrought iron 
gudgeon ought to have when its lateral pressure is given 
in the following manner : — 

''1. Find tM diameter which « cast iron gudgeon 
should have to sustain the given pressure ; then saj, as 
14 is to the cube of the diameter of the cast iron gudgeon, 
so is 9 to the cube of the diameter of the wrought inm 
gudgeon. 

<* 2. The root of this last number gives the diameter 
required of the wrought iron gudgeon. 

EXAMPLE. 

"Suppose the lateral pressure to be 125 hundred 
weights, the cube root of which is 5, the diameter in 
inches of the cast iron gudgeon : then say, 

As 14 

Is to 125 

Sols 9 

To ... . 80,367 
" The cube root of which is 4,30887." 
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«*Tli0 outer skin of cast iran^ pwtioiilafi^ when east 
io inetalllo mtalds, is remarkably hard, and at is r^ascmap 
bis to sappose that it woold make a durable pillow, as we 
have seen is the case in tbe aboTe instance.'^ 



'' On the Framing qfMO'WarJc. 

^ Mill- work, from its motion, occasions a tremor on all 
the parts of its framing, which subjects it to much more 
speedj decay than the mere pressure upon carpentry. 

<' Besides this general tremor, it is often subjected to 
violent, sudden thrusts, from the bad actions of the 
wheels, or from reciprocating motions. 

" It ought, therefore, to be not only sufficiently strong 
and stiffs but sufficiently lieavy^ to give solidity and 
steadiness. 

'^ Where the framing of the machinery is not firm and 
well bound, a vibratory motion in its parts, of course, 
takes place ; which vibratory motion expends a conside- 
rable portion of the power applied. . This loss of power 
is very difficult of investigation. It is certain, however, 
that whatever motion of a vibratory nature is communi- 
cated to tbe framing and objects in contact with it, (ab- 
stracted from the elasticity of the parts,) must be lost to 
the effect the machine would produce, were the parts 
sufficiently strong and well bound together ; and it is to 
be observed, that firm and well bound framing is much 
preferable to heavy framing, not so well connected in its 
parts. It is as certain, that though the framing in either 
case may be constructed so as to be equally strong, yet 
the heavy framing, from its vibration, will expend more 
of the original power than that which is less heavy, but 
firmly connected. 

^ iSesides strmgth^ stiffness^ and solidity f the framing of 
mill-work requires to he constructed so as to Ae easy o^ 
Ttjfffir; i^nd so contrived, that any jHirticiilflr part may oe 
rffiofrw or rmmjed with the least possible derangement 
to. th« (^i)^e|r parts of the fraqcuog. 
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<* There k another oiroamstahee in thti epeeiee of 
framiAg which demands ff reat attention. The iflqfltM oAm 
require to be restored to their true rituatioMf from wbieh 
thej may have deviated by the wearing of the parts. 
Now. the framing ought to be so- constructed as easily to 
admit of this restoration of the shafts^ as also of any other 
shifting of them which may in practice become neces- 
sary. 

" fiut though the framing which Supjiorts the parts of , 
mills and machines should be firm, it is an adTantage 
that the part on which any axis rests should haVe a amail 
degree ot elastic tremor, when the machine is in motion. 
Such tremor has considerable power in diminishing the 
friction. It may farther be observed, that framing to 
support machinery should be as independent of the boild- 
ing as possible, because the tremor it always oommuni- 
cates is exceedingly injurious. 



On Reaction Whub. 

These wheels were slightly noticed at page 176 ; and 
a description of Barker's mill is to be found in nearly 
every work upon hydraulics, together with the improve- 
ment made in it by Rumsey. Within a few year* past, 
wheels whicli operate upon I lie principle of iho rotery 
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ted in them avw that thej are but litUe, if at all, inferior 
^ economy to overshot mills ; this, however, we are, by 
no means prepared to admit. Ii^ oack water they will 
undoubtedly operate better than any other, as there will 
not be any sensible loss from their wading, but only from 
the diminution of the effective head. In an eight feet 
ialiy for example, should there be four feet of back water, 
the remaining four feet will produce nearly, or quite, its 
full effect. 

Many patents have been obtained for modifications of, 
and variations in, this wheel; and from the specification 
of one of them, as published in the journal of the Frank- 
lin Institute at Phuadejlphia, we will give such extracts 
as will sufiice to exhibit their nature and mode of action. 
In doing this, we shall omit the claims of the patentee, 
as this is a point with which we, in this place, have no* 
thing to do. 

"rig. 1, a bird's eye view of the wh?el, Figure 1. 
the end to which the shaft is to be at* 
tached, at the perforation A, being down- ,f 
wards, and the open end, or rim, upwards. ' 
To show the floats, at the upper rim, which -J 
covers them, is not represented. The 
lines CC exhibit the form of the floats, or 
buckets, and the manner in which they are arranged. 
The diameter of this wheel, and the width of the floats 
between the two heads, and the depth of aperture be- 
tween the floats, will, of course, be varied according to 
the quantity and head of water which cait be obtained, 
and the purpose to which it is to be applied. The 
curved floats, it will be seen, are made to lap over each 
' other ; and, in practice, it has been found that the pror 
portion in which they do so is a point of considerable 
importance. The proportion between the aperture and 
lap which was found to be the best, is. as three to two ; 
that is, for every inch of aperture, measuring from float 
to float, at the point where the water escapes, the floats 
•hould pass each other one and a half inch. . It will be 
manifest that a slight deviation from this proportion, in 
either way, will not be attended by any sensible loss of 
power. Any considerable deviation, however, is found 
33 
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to be injurious. The meohanic should be careful so to 
construot his wheel that the part of the aperture seeu at 
e should be less than^that seeu at d. 

*' Upon the inner edge of the rim there is a projecting 
fillet, or flanchy which may be seen in the section D, « 
this wheel, at the lower part of Fig. 3, with this differ- 
ence, that said fillets or flanches are to be made flat u 
they are to work against, and not within, each other. 

'' Wheels so constrttcted may be applied either on a ho- 
rizontal or vertical shaft, and either singly or in pairs, ac- 
cording to circumstances. 

"Fig. 2 represents the Figure 2. 

double reactmg wheel,, 
placed on a horizontal 
shaft, in which manner^ 
they are to be used, when- 
ever it is desirable to ob- , 
tain motion from such a 
shaft. S is the horizontal 
shaft, A the penstock, and 
B the cistern; the heads 
or sides of the cistern, are 
formed in whole, or in 
part, of cast-iron plates, 
securely bolted together. D D are two water-wheels, 
one of which is placed on each side of the cistern B, their 
open ends standing against the side plates of the cistero, 
;hic!i fire perforatt 
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head of four feet, the area of the orifice should never be 
permitted to fall short of three times the number of square 
inches which can be delivered by all the openings of the 
floats. The penstock, or gate way, should also be suffi- 
ciently large to admit freely the same proportionate quan- 
tity of water, through every part of its section ; say about 
three times the area of the orifices of the cistern heads 
and wheels. 

'* For a greater head these openings must be propor- 
tionally increased, or the whole intention will be defeat- 
ed, as it has been from want of attention to this principle, 
that numerous fisiilures have occurred in the attempt to 
drive mills by reaction wheels. Whenever it is practica- 
ble, the limit which has been given should be exceeded, 
but never can be diminished without loss. 

" Instead of using a trunk or penstock, smaller than 
the horizontal section of the cistern B, extend the sides, 
front and back of said cistern, upwards in one continued 
line, whenever the same can be done; the cistern and 
])enstock then form one trunk, of equal section through- 
out. 

" When greater power is requisite, place other react- 
ing wheels, or pairs of wheels, upon the same s haft, so 
that each may operate in the same way. 

** Fig. 3 represents one of the reacting Figure 3. 
wheels placed upon a vertical shaft, pj^'im^i^i w 
with the cistern by which it is sup- 
plied with water ; to this is also attached 
what is denominated the lighter^ which is 
intended to relieve .the lower gudgeon 
and step from the pressure of the column 
of water, and also, when desired, the 
weight of the wheel, and whatever is at- 
tached thereto. The whole being shown in a vertical sec- 
tion through the axis of the wheel 

^' A A is the cistern of water^the construction of which, 
with its penstock, may be seen at B A, fig. 4. 

«< p the wheel, the flanch on its upper side, passing 
within the ed^e of that on the lower plate of the cistern. 

^L L the bghter for relieving the gudgeon and step of 
the shaft and wheel from the downward pressure. 
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*' The lighter is a circular plate of iron, concenthc 
with the wheel, and attached to the aame shi^. Upon 
its lower side as a flanch, or projecting rim, fitting into 
^ an orifice in the upper plate ot the cistern, in the same 
manner in which that of the wheel fits into the lower 
plate; allowing, therefore, of a vertical motion of the sludft 
to a certain extent, without binding upon the plates of 
the cistern. 

*< From the equal pressure of fluids in all directions, 
the lighter, (when equal in its area to that of the orifice 
of the wheel,) will be pressed upwards with the same de- 

§ree of force with which the latter, (the wheel,) is prMsed 
own wards; and if made larger, it will be preaaed up- 
wards with a greater force ; and may be so proportioned 
as to take off the weight both of the machinery alnd of the 
water, from the gudgeon and its step. 

*' When a single wheel is placed upon a horizontal 
shaft, the lighter will take the place of tne second wheel* 
and so also in the case of any odd number of wheels, 
either on a vertical or a horizontal shaft. 



''Fig. 4 represents the 
double reacting ^Tbeel on 
a vertical shaft, A being 
the penstock — B the cib* 
tern — DD the wheels, re- 
volving within the plates 
of the cistern in the same 
manner as the wheel and 



Figure 4. 
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SO that the buckets are adjustable, thus allowing the aper- 
tures to be enlarged or diminished, according to the c|uan- 
titj of water, employed, or of machinery to be driven. 
There are, in fact, not fewer, we belieye, than eight or 
ten patents for different modifications of this wheel, and 
from the interest, which it has excited, it may be con- 
sidered as in a fair way to haf e its relative merits fully 
tested. 



EXELANATION, Ac. 39I 



Explanation of the Thchnical TermSjiu.^ used in the 

Work. 

Aperture — The opening by which water iasues. 

ilrea— Plain sor&ce, superficial contents. 

Alg^raic iigns used are + for more, or addition. — ^Less, substracted 

X Multiplication, -r- Division. = Equality. ^ The square root 

of; 86' for 86 squared ; 88' for 88 cubed. 
Biquadrate — ^A number squared, and the'square multlf^ed into itself 

the biquadrate of 2 is 16. 
Corollary — Inference. 
Cuboch — A name for the unit or integer of a power, being the effect 

produced by one cubic foot of water in one foot perpendicular descent. 
Cubic foot of water — What a yessel one foot square and one foot deep 

will hold. 
Cube of number^-The product of a number multiplied by itself twice. 
Cuberoot of a number^^Say of 8 ;^the number which multiplied into 

itself twice will produce 8 ; namely, 2. Or, it is that number by which 

if you divide a number twice, the quotient will be equal to itself. 
Decimal point — set at the left hand of a figure, shows the whole number 

to be divided into tens, as, 5 for -Iths; ,57 for JLLths; ,557 for JLilths 

' ' JO ' '^ ItO ' ' .1000 

parts. 
EquilibriOf Equilibrium — Equipoise or balance of weight. 
Elastic — Springy. 

Friction — The act ofYubbing together. 
Gravity — The tendency all matter has to fall downwards. 
Hydrostatics — The science which treats of the weight of fiuids. 
Hydraulics — The science which treats of the motion of fluids, as in 

pumps, water-works, &c. 
/m/m/«e— Force communicated by stroke, or other power. 
yiwpf/i/«— Violent effort of a body inclining to move. 
Momentum — The force of a body in motioa 
Maximum — Greatest possible. 
Kon-elastic — Without spring. 
OcTe/p/e— Eight times told. 

Paroi/oas— Contrary to received opinion : an apparent contradfctioiL 
/'erct<Jsto/i~-Striking together, impact. 
Pro^/em— -A question proposed. 
Quadruple^FouT times, fourfold. 
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OF 



LAW AND MISCELLANEOUS BOOKS, 

PUBLISHED 

BT 

LEA AND BLAKCHABD, 

PHILADELPHIA: 

1848. 



LEA & BLANCHARD'8 PUBLICATIOM& 



ILLUSTRATED SERIES OF SCIENTmC WORKS, 

NOW FUBLISHINa BT LEA k BLAHOHARD. 
Thia series comprises works of the highest ebarmcter on the various branches of praetieal t iaa c a , b 
their illustration and mechanical execution thcT are prepared without renrd to expense, and iIm paMishifi 
present them as equal, if not superior, to anytning as yet executed. Each volume is superiair a dt d hj s 
competent editor, who makes such additions as the progress of science in this country naay rr^aii* aad at 
the same time corrects such errors as may hare escaped the press in liondon. The publi«lMrs, dmnmm, 
hope that these works may attract the approbation or the scieniifie public by their intnnaic rmimm^ Iks esr- 
rectness of the text, the beautiful style in which ihey are produced, and the extremely low rata at wkick ttay 
are furnished. 

THE FIRST VOLUME IS 

PRINCIPLES OF PHYSICS A. METEOROLOGY. 

BY J. MULLER, 

Proreaaor of Physics at the University of Freiburg. 
WITH ADDITIONS AND ALTERATIONS BY THE AMERICAN EDITOR. 

ILLUrrmATED with HEABLT riTE HUNDRED AND riFTT EITOSATIlf OS Oil WOOD, AND TWO OOL^ WtJOWL 

In One large OctaTo Volume. 

"nie Phrsics of MuMer is a work superb, complete, unique : Ihe greatest want known lo EoglMl 
could not have been better supplied. The work is of surpassing interest. The ralue of thia « — '-'" 
the scientific records of this country may he estimated by the fact that the coat of the ortgiasU 
enrravings alone has exceeded the sum of £2 000.^ Laneet, 

The style in which the volume is published is in the highest degree creditable to th« enterpriaa of ika pa(b> 

lishers. It contains nearly six hundred engravings ezrcuted in a style of extraordinary damaea W« 
. . . . . ......... .. .^^ ^^^ 



commend the book to general favor. Itis the best of its kind we haveevers«en.— iV. Y C^i^ , ,_ 

We can safely say, thai, if the forthcoming works be of equal merit, and produced in aiauiar aiyla. Iks 
series will prove one of a very invaluable character, which cannot fail to be in uaiveraaJ raqacai Jfsrtl 
Jmtriean. 

From Wm, H. Bartktt, E»q., Pro/euor of Natural and Experimental PkOotopkf, U. & JlifiCvy 

Jcadem^, Weat Point, 

I de«m this work a most valoable additton to the educational facilities of the eomtrr, aa^ 
a rich .source of information to the general reader, as it is truly an elegant specimea of typ^ 
graphy. 

West Point, March i5th, 1848. 

THE SECOND VOLUME IS 

PRINCIPLES OF THE MECHANICS 

OF 

MACHINERY AND ENGINEERINQ: 

BY PROF. JULIUS WEISBACH. 

^ Edited BY PROFESSOR W. R. JOHNSON, OF PHILADELPHIA. 

Yolnme l., now ready, containing about 600 pages, and five hundred aiui fifty wood-cvls. 
Volume II., completing the work, will be shortly ready, of about Ihe same sise sad ipp— fisca 

'I'tic titn*( vqiiisblr conir»('ijiina lu tirsf^ttml mttWni'f ihm hut f<ti Htipt^' 
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Illustrated Series of Scientific Works — Continued. 

THE THIRD VOLUME IS 

TECHNOLOGY; OR, CHEMISTRY 

AS APPLIED TO THWARTS AND TO MANUFACTURES. 
TRANSLATED AND EDITED BY 

DR. EDMUND RONALDS, AND DR. THOMAS RICHARDSON, 

[Leetarer on Chemiitry at the Middlesex Hospital.] [Of Newcastle.] 

Revised, with American Additions, by 

PROFESSOR WALTER R. JOHNSON, OF PHILADELPHIA. 

WITH NUMER0178 BEAUTIFUL WOOD-Ctm. 

Volame I., now readj, conUining about 500 pages, and 214 beaatifiil wood engraviogt. 

Vol. II., preparing, of a similar size and sppearance. 

This Tolame contains complete monographs on the subjects of Combastion and Heaiinf^, Illnmination and 
Lighting* Itfanufaetures from Sulphur. Manufacture of Gomroon Salt. Soda. Alkalimetry, Boraeie Acid Ma- 
Bumctore, Saltpetre Mann acture. Gunpowder Manufacture, Niinc Acid Manufaeiure, and Manufacture of 
Soap, together with an appendix containing Tarious miscellaneous improvemenu concerning the foregoing 
sulueets. The object of this work is purely practical, presenting in each topic, a clear and condensed view 
of the present state, of the manufacture, with all the improvements suggested by the discoveries of science ; 
the whole illustrated with numerous large and well executed engravings of apparatoa, machinery, processes, 
Ibe. Ac. 

One of the brst works of mo dern times —N. Y. Commereiai June 1B48. 

The original treatise is one of ffrcat value ; it has been carefully translated by gentlemen themselves well 
Tcrsed in the proeei^ses it describes, and consequently familiar with their technical langruage— and it ba« 
received from them numerous important additions in which are described the most recent improvements in 
the various chem ical arts as practised in this country.— Jfedieo-CAiriir^teai Rttiew. 

When we saythat this volume begins another of the superb 'M^ibrary of Illusirated Books," republished 
from the I^ondon series by I.eaa& Blanchard, of which Muller^ Physics and Meteorology, and Weiabach*s 
Mechanics and Engineering, (the first volume of the latter) have already appeared; that the present work is 
on a suli^ct coming home to the business and bosoms, because to the economic interests of Americans; that 
iu American editor is Prof. Walter R. Johnson, who has enriched it with numerous valuable additions.^he 
results of his own industrious researches in the technological sciences; and that it is illustrated and printed 
in the same superb style which marked the previous works;— we have sufficiently explained to our readers 
th e value of a work which will not need any other commendation.— AVlA AmfHean, June 1848. 

To be followed by works on PHARMACY, CHEMISTRY, ASTRONOMY, HEAT, HYDRAU^ 
Lies, METALLURGY, PATHOLOGICAL ANATOMY, RURAL ECONOMY, &c. fcc. 

HISS KARTINEAU'S NEW WORK. 

Now Ready. 

EASTERN LIFE, PRESENT AND PAST. 

BY HARRIET MARTINEAU. 
In One Handsome Crown Octavo Volume. 
As a writer, she is eloquent fn description, vigorous in persuasion : as an artist, at once minote and com- 

Erehensive in notins trait« of character, touches o( humor, indications of the poetical element. We cannot 
ut point to this book of travels bv an Englishwoman with great satisfaction, and recommend it to the thou^t* 
ful, as well meriting perusal ana consideration. Though we have confined ourvelves to Miss Martineaa^ 
pictures, we repeat that hers is no mere picture-book ; but one o( the most substantial and interesting pro- 
ductions of recent seasons, which may be deliberately pondered and will be widely discussed ~ AiA«iMS«Mis. 

SOMERVILLE'S PHYSICAL GEOGRAPHY. If ow Readj. 

PHYSICAL GEOGRAPHY. 

BY MARY SOMERVILLE, 

AUTHOB OF " THE COHIfECTIOIf OF THE PHYSICAL SCIEITCEt," &C. tc. 

In one neat \2mo. volume, extra doth. 
We have thus followed Mrs. Somerville through her intellectual journey over the globe, delighted and im- 

f roved by her instructions, and anxious that others should derive from them the same pleasure and advantage, 
'rom the extracts which we have made, our readers will see that the work is wrinen in a style always sim- 
ple and perspicuous, often vigorous and eleaant. occasionally rising to a strain of eloquence, commensurate 
with the loAy ideas which it clothes. In Mrs. Somerville's pages no sentiments are recorded, which the 
Christian or the philosopher disowns. In associating life with nature-;- in titkin^ cognizance of man as tenant 
of the earth home which she describes, her sympathies are ever with the slave, her aspirations ever after 
truth, secular and divine, and everywhere throughout her work we meet with just and noble sentimenla, thA 
indieation and the offspring of a highly cultivated and well balanced mind.— iVariA Srilw* Xseww. 

FICCIOLA.— niuBtrated Edition. 

PICCIOLA, THE PRISONER OF FENESTRELLA; 

OR, CAPTIVITY CAPTIVE. 

BY X. B. 8AINTINE. 

A NEW EDITION, WITH ILLUSTRATIONS. 

Jm one degant duodecimo eeliMU, large typs, and fine paper ; price injatu}/ eooen 60 eente^ or im. leajurff^X 

—' * lefeM. 



P«rlMpt the BKMI beaatifU tad touching work of fieiion vnw wnvut^^^w^a^ ^^ «xiMtfiQM^«l^Vba^<— 
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HERVEY'8 COURT OP GEORQE li. S« 

MEMOIRS OF THE RE16N OF GEORGE THE SECOND, 

FROM HI8 ACCESSION 

TO THE DEATH OF QUEKN CAROLINE, 

B7 JOHN XiORB HBRVmr. 

Edited froip the Original Munavcript at Ickworth, 
Bt ths RtoBT Horobablb JOHN WILSON CROK£R, LL. D., F. R. 8^ te. 
iff two kand$omt vniumm, roffoi I2iim., ws^tra ciaik. 
Certainly nobody baa ever drawn to intimate and familiar a picture of the interiot of aco«f1 ■• Ck« v«M 
It now favored with in theae memoira of Lord Hervey. Bui the world haa to coof ratnlate itaelf oa tW w l wta. 
' Herveyt have not been forthcoming for all oar aneens and kinge. Tba informatioa, thoafh Mrhiy 
e, ia by no meana of the profitable aort It la a lively picture oif a moat odio«a mad tovoliiaf th«af. 



that Lord 
instructive, 




and the author of certain pamphleu in defence of the Whiga, which Horaee Walpole aava, **m« 
thai ever were written " The ediioHs note* are juat what notes ahould be, ahort, asaAM, 
and always 10 the point- Alhentntm, Ul Notu$. 

Here, however^ we musi part (for the preaent) fVom two moat readable votuaiea, which 
WaJpole— who ia said to have called all history a lie— would, perhaps, have admitted to be 
than many worka making greater pretenaious to historical accuracy .•^illfcsntftMn, M H wt it t, 

FOWNES' CHEMISTRY FOR STUDENTS. 

A NBW AND ZMPROVUD BDIXIOIT. 




ELEMENTARY CHEMISTRY.' 

THKORETICAL AND PRACTICAL. ' 

BY GEORGE FOWNES, Ph. D., 

Chenieal Lecturer in the Middleaez Hospital Medical School. Jte. fte. 
Wltb N •merooA IlliistraUvns, Mecoud American Kdltioiu £41te4. witk . 
BY ROBERT BRIDGES, M. D., 

Profoaaor of General and Pharmaceutical Chemistry in the Philadelphia CoHege of Pharmacy, hm. 4c 
in en* Imrg* duodtcitHo velum*, ihetm m sxtra desk. 
Though thia work haa been 00 recently puhhahed, it has already been adopted at aiazt*haoli by saay af 

the Medical Institutions ihrou|(hout the country. As a work for the first class atndeat. and aa aa b' ' 

10 the larger systems of Chemistry, such as Oraham*s, there haa been but one opiaioa eap rr aai d \ 
iu and it may now be considered as 

THE TBXT-BOOK FOR THE CHZnCCAL B T UUH HT . 



An admirable exposition of the present state of chemical science, simply and eleariy vritiaat aad 4iqpiay- 
K a thorough pract cal knowledgeof its details, as well as a profound acquaintance with iispnaciplea. The 



ins 



^\^ ^\ il^F h tp^O W^ hai • 



TJh* vcT^r itcmi rbariMsl orf^hrihifiri mili ^hif h I mtu ftt:c|uNiiiifld ut ttia t-achsti ImAfuaff 
Naw Voa»* fVb laih, lH»fc 
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CAMPBELL'S LORD CHANCELLORS. 

Now Complete in SeTfn Tolimifi. 

LIVES OF THE LOKD CHANCELLORS 

ASID 

KEEPERS OF THE GBEAT SEAL OF ENGLAJ!1D, 

rsoM 

THE EARLIEST TIIE8 TO THE REIGN OF RING GEORGE IT. 
BY JOHN LORD CAMPBELL, A.M., F.R.S.E. 

Ncuf e^mpUu in Mren hat%d$cm9 crown octmto ffduma, extra dotk. 

The three first volumes of this work constitute the First Series, and embrace the period 
from the earliest times to the Revolution of 1688. 

The Second Series consists of Vols. 4 and 5, containing the Lives of Lord Maynard, 
Ix>rd Trevor, Lord Somers, Lord Wright, Lord Cowper^ Lo^l Harcourt, Lord Macc^lesfield, 
Lord King, Lord Talt)ot. Lord Hardwicke, Lord Northmgton, Lord Camden, Lord Yorke, 
Lord Bathurst, and Lord Thurlow. 

The Third Serie& comprehends Vols. 6 and 7, and is devoted to the Lives of Lords 
Loughborough, Erskine, and Eldon. Any Series sold separately. 

ThU is a literary undertaking of great magnitude and interest, and it has been performed by the learned 
author, in a manner that entitles him to the credit of great eloseness of research, and the power of presenting 
kis narratives to the reader with mueh skill and gracefulness of eoroposition. 

On the whole, we can conscientiously recommend these volumes to the reader, as a work from which bo 
will derive much entcrtaiiunent and proGt. Not lo the lawyer alone do they possess an interest, but the stu- 
dent of history, as well as the statesman, may consult their pages for abundant sources of valuable iuforma- 
tion.^ Pennsylvania Law JournaL 

For, in very truth, we have not met with so interesting a book for many a day. Though written bv a law- 
yer aud about lawvvrs, (at least in more recent times,) it can and will be read with pleasure by all whoso 
tastes soar above the trashy cheap publications of the day. It really is, in every true sense of the word, a 
delightful book, combining in a rare degree instruction with amusemeuu While it invites tlie lawyer lo go 
bacK to the very sources of equity aud explore all those nameless rills which, gradually swelling and uniting, 
have made the great sea of equity jurisprudence, it at the same lime charms the general reader by a simple 
and truthful delineation of the most remarkable men who have figured in English history, as witness Beckett, 
Wesley, More, Bacon, ShaHesWury. Clarendon and VVattingbam. In the life oi the last named chancellor, 
who peihaps more than any other man is entitled to be called the father of equity, the author incidentally 
pavs the highest compliments lo American jurists.— Western Law Journal. 

In taking leave of the Lives qf the Lord Chancellors we are bound in justice to mark the merit and the lock 
both of the conception and execution. The author exhibtU great industry in inquiring after ajid selecting his 
materials; considerable acuteness and judgment in arranging iliem, and sufficient likill and cleverness in pre- 
tenting them to the reader. The execution is workmanlike and clearly arranged; the passages marked for 
use have been judiciously chosen ; they are well introduced, and may either be read or skipped. If iu faulta 
were greater than they are, they could not diminish the happiue»aof that conceptton which has embraced the 
whole series of Chancellors iu one work ; the judgment which measares the length of the treatment in pretty 
«zaet proportion lo the reader's interest in the subject: the skill which has thrown snch a mass of matter into 
•nch an attractive form, and the untiring vigor whien throughotit sustains and animates so vast an under- 
taking.— Loiufen Spectator, Dee. 18, lc47. 

Of the sofui merit of the work our judgment may be gathered from what has already been said We will 
add, that from its infinite fund of anecdote, and happy variety of style, the book addresses itself with eqnal 
claims to the mere reneral reader, as to the legal or historical inquirer; and while we avoid the stereotvped 
commonplace of amrmiug that no library can be complete without it. we feel constrained to afford it a hij^er 
tribute by pronouncing it entitled to a distinguished place on the shelves of every scholar who is fortunate 
«iioogh to possess it.~Fr«zer*« Magazine, April 1848. 

A work which will take lU place in our libraries as one of the most brilliant and valuable coDtribBtions to 
the lileratnre of the present dny. "Athenaum, Dee. 1847. 

STEinnETZ'S mSTOBT OF THE JESUITS.— Now Ready. 

HISTORY OfThE JESUITS. 
FROM THE FOUNDATION OF THEIR SOCIETY TO ITS SUPPRES- 
SION BY POPE CLEMENT XIV.; 

THEUl MISSIONS THROUGHOUT THE WORLD; THEIR EDUCATIONAL SYSTEM AND 

LITERATURE; WITH THEIR REVIVAL AND PRESENT STATE. 

By ANDREW STEINMETZ, 

Author of "The Novitiate," ^The Jesuit in the Family.** 

In two kand$eme crown octavo volumes ef about /our hundred pages eaeht extra cloth, 

**GimBected with no party whatever, my object has been to seek, and find, and boldly to express the tr«th, 

tueh, at least as it has appeared to me aOer mnltitndinoos consultations. Fbr, intensely interested in the 

■abjeet, I have spared neither pains nor expense to collect such information as would enable me lo put forth 

a decisive work, not only on the Jesuits, but the religious movement in general, which antagonized the Nordi 

with_the Sooth of Europe. 

lorr of the Jesuits i>resenu subjects of interesL In . , 

I minds m men— may find hinta 



**To every mind the history of the Jesuits presenu subjects of interest. In their expk>itaf the chnrehaMM, 
the ■ is sio n aiy, the preacher, the edoeator, all who possess infloence on the minds m men— may find hints 
and adioonitiona— cheir industry and perseverance are models for all humanity. Tliey labored indetetigabhr, 
wid reeelved their reward in a world encircling power. Prom first to last they were never in obeeurity. Like 
Minerva, sprung from the head of Jove, the company of the Jcsniu went forth fron the head of Ignatina, fiUI 
■TOwa, ready for battle. In her in/hncy she was great— the world feared her when she won her poaition-Hhe 
losiof eonqnest sapervened— she exemplified the maxims of the very woild she went ftwwatd » \«*ki«fc jw*^ 
daffthapUlatowhieh the foU,diaeaided by the popedom, for wtOM^«feMMi9hA^aa«H4i^'&jteA?'—hM:^"i<^ 
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NOW COMPLETE. 

STRICKLAND'S QVEENS OF ENBLANB. 

New and Improved Edition. 

LIVES OF 

THE QUEENS OF ENGLAND. 

FROM THE NORMAN CONQUEST. 
WITH ANECDOTES OF THEIR COURTS; 

How FInt Pabliah«d from OAoUl Records, and other Anthestio Doonmente, PriTSte as wall aa Pakttc 
V9-W Bdltloni ifrltlk Addltiona and Correationa* 

BY AGNES STRICKLAND. 

In six volumes crown octavo^ extra crimson clothe or half morocco ^ printed on 
fine paper and large type. 

In this edition. Volume One contains Vols. 1, 2 and 3 of the 12rao. edition; Volume 
Two contains Vols. 4 and 5 j Vol. Three contains Vols. 6 and 7 ; Vol. Four contains 
Vols. 8 and 9 ; Vol. Five contains Vols. 10 and 1 1 ; and Vol. Six contains Vol. 12. Th« 
whole forming a very handsome series, suitable for presents, prizes, &c. 

The publishers here great pleasure in presenting to the rnblic this work in a complete forni. Daring lbs 
long period in which it has been iesuinff from the press, it ha^ assumed the eharacterof a standard work, and 
as occupying ground hitherto untouched ; ns embodying numerous historical facis heretofore aniiotieed,.aiid u 
coniaining vivid sketches of the characters and manners of the limes, with anecdotes, docnmenta, Ac. Ac^it 
presents numerous claims on the attention of both the student of history and the desultory reader. 

Those who have been awaiting the completion of this work can now obtain it, forming a haadioaw set, 
tweWe volomes in six, in various styles of bindmg. 

COlTTBirTfl or TBI VOLUXVS. 



Toiitmt I—MatJIdtof Flanders, Mali! lia of ScotlDFid 

Adtiiiria of Ijouvnine^ Mauida uf Boulogne^ and 

EJcanors of AquiiniTie. 
"VoLUMt II,—Bvmigiiris of Nftvarre. Isabella of Ad^ 

A<i>ultme, HkaiioT uf Prov<cDi^er Hif s>iur of CastiUr, 

Mnrf^urrite oi Prtiitfe^ |»iilji;Lla of FraneO} PhiLippa 

of JlaiiiSuJt,, and Aiiiii!! of Bahemia. 
VoLOMm III— JiabeiJa gi Valoit^ Juaiina of Navarrft 

Kaiherine of Valois, MiinrRr«l af Atijou^ Kb kh both 

WoctdvLlJe iii>d Afifieof XV^rWjRk. 
7% at fArw toltimc^ makt Vt4 t ^ th9 NfUf Edition. 
Vfittrica |V— F4i3iabp^h of York, Kaiberinv of Arra- 

gon^ Aiifie tiokyii, iane SiryniDLir, Aniieof Clcvcf 

niul Karhef»ne. Ho^-^nl. 



VoLvitv VI— Elliia^beth. 

Vullme VIJ^KJiiLihbeLli (concluded} and AnacofDc^ 
murJf. 

ThtititnaJtt VdL Ut. nfth§ New Bdit^Dn. 

VoLVUM Vill — lletirieUa Mar^a aad CatiieTiue of Btv' 

ganita. 
Voi,wa IX — MiitTy Beatrice of Modena. 

Tktjemakt ¥^L IV.qfthM Iftv Editi&n. 

VoLvxl X— Mary Beatrice of Mo^lena (eodcladid^ 
Marji" II. * 

VuLUHK K I— Mary H leondadedl, Qu«en Aaiia< 
Thtttm^ke Vot. V qftkt NtMn Edition,. 
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r&Axrca mnnai u>tJi8 raxLimi— xrow Ready. 

THE HISTORY OF TEN YEARS, 1830—1840: 
OR, FRANCE UNDER LOUIS PHILIPPE. 

BY LOUIS BLANC, 

Secretary lo ihe ProvieionaJ GoTerniiieiitori848. 

Translated by WALTER K. KELLY. 

In two handsome crown octavo voluma^ eztra elotkj or iiz parts, paper ^ *^J^^ ceitlt. 
▲ History of the Revolution of 1830, and of the fir»t ten years of Louis Philippe's reigUf by a man who k«a 

borne so prominent a part in the late evenu in Paris, eannot fail to possess striking interest at the present 

moment. 

This is a remarkable work. The ten years, 1630-1840, were tronbled, stirring and important times to every 
Earopean nation— lo none ao much as France. • • • *L*Hi8toire de Dix Ant* is one of those works ao 
often lil>elled by being called as interesting as a novel. It is a narrative of events, real, striking, alisorbing — 
the Rubj<*cis of immense interest to all readers— the style unusually excellent— Foreign Quarttrly Review. 

This work will be received, at the present moment, with particular pleasure. The last revolution of Paris 
has revived all the recollections of its predecessor, and awakened an hiienae interest in everything relating 
to recent French History. The History of Ten Years will graii(\' the appetite thus exciied, besides furnish- 
ing authentic information in regard to the public men who now igore as the chief actors on the Mage of the 
new republic— iVb/(A Ameritan, April 1&4& 

The interest of the work to the American reader has been ffra^tly enhanced by the recent downfall of the 
Orleans branch of the House of Bourbon, and *'The History of Ten Years" should be read (if for iiothinir 
else) to enable one to survey aiiderstandingly the evenU of his own t-me. 

M Louif Blanc, who was a prominent actor in the Revolution of February last, is a man of brilliant ta'enia. 
He edited for some time La lUvue de Progris^ and doubtless acquired, in thst capacity, the rbetfinc of the 
Journalist, which is a marked feature of the style of his History. He is perhaps the most enigrammaiic writer 
of the day, and in the portraiture of great men is always striking. Thoroughly imbued with the national spirit 
and Irving in the midst of exciting scenes, he has given us a rapid and picturesque narrative of occurrences 
during the period under discussion.— SoulA^n Literary Messenger. 

No book that we know of would be likely just now to be read with ^reat^r attention than this. Apart from 
the reputation of the work in Kurope, the great interest of its subject, and the fact that its author is a promi- 
nent membi-r of the present Provisional Government, must cause it at once lo be taken in hand bv all reading 
people. The first part, now on our table, coniains an exceedingly vivid account of the eveou o< the Revolu- 
tion of July. ^2V. Y. I^ibund, April 1848. 



HIST0R7 OF THE FRENCH REVOLUTION OF 1789. 
BY LOUIS BLANC, 

Author of " Feavcs ukdem Louis Phiuppx*'* &«. 

TRANSLATED FROM THE FRENCH. 

Lt Parts, at Seventy-five Cente. 

"This work, which is in course of publication in Paris, is now for the first time offered to the public in the 
English laniruage. Its author has recently acquired for himself a world-wide reputation as a leading and 
active member of the Provitional Government of France He had previously been known to the literarr 
world by his ** France under Louis Philippe,** which had procured tot him the reputation of an able and briA 
liaiit writer, an original thinker, and a powerful delineator. These traits will be found conspicuous in tlM 
present vohune."— ZVafula(or*« Prtfae*. 

Furta 1 and 2, fonning Volnine First, are now ready. 



Now Ready— niiUSTRATED DONQUnOTE. 

DON QUIXOTE eTe LA MANCHA. 

TRANSLATED BY JARVIS. 
WITH COPIOUS H0TE8 iRD A HBIOIR OF THE AUTHOR AND IIS W0KI8, 

ABRIDGED FROM VIARDOT BY THE EDITOR. 

With Numerons ninftratloos after Tony Jobannot 

In Two handsome Crown Octavo Vohanes, extra crimson cloth, ha^ ca^ or moroeeo. 

Sereral recent editions of Don Quixote have been issued, but decidedly the best and most valuable of then 
•n is that published by Lea k. Blanchard. These publishers have been fortunate in their aeleetioa of the 
translation and illustrations. The former is that of Charles Jarvis, long acknowledged as the best Eegliali 
exposition of the lofty deeds of the vsliant Manchegan. It has been somewhat altered to suit the taste of the 
present day, and it is enriched with numerous notes, explanatory of allusions to persona and events not likely 
to be known lo the general reader. Of the sketches of the well known Tony Johannot it is almost superflu- 
ous 10 speak, for no real admirer of Cervantes will tolerate any other illustrations of his quaint and vigoroua 
ideas. Indeed^ we hardly remember to have seen an author's fancies so iaithiully and gniphieally enbodied, 
and marred neither by weakness nor exagnraiion. 

As for the mechanical and typographicaT execution of the work, we can say that It leaves little to be de- 
aired. It is clear end well printed, with fine white paper and comfortably sized type for ociogenarian eyes. 
The binding is showy, but la taste, and the whole is well suited for the centre-table or the library; while its 
reasonable price plaeea it within the reaeh of every admirer of the immortal humor of Oenrautes.— Wuktjf 
North AmerUan, 

The illustrations so |>rodigally distributed through the two volumes are by Tout Johannol, a pictorial Ce«« 



whohATU 



himself; they give what without seeing them would seem to be im9os»ibW.,%iM\>&a«aCk> 1^^"^.^!!;. 
ms of the author. The paper and type are boih Kood; %nA aWiceiiAi >Jb:\%\%'Oba %8W«!».'^^h«^_^'««\ 
ITU reMi, and ibey wte btre yet to rend Dtm V^xoift)>iiVI\YA en«w Vk VQMMSi^^ 



LEA Sl BLANCHARD'8 PUBUCATXCITS. 



THE AMERICAN E N C Y C LO P ^J> I A. 

BHCWCIUT UP TO IMT. 

THE ENGTCLOPOIA AMERICANA: 

A POPULAB DICTIONARY 

IF IIT8, SCBHCn, LITKUTUU, IIITMT, POUTICS iRI BINIiPIT. 

nr rOUXTKEH LABOK OCTATO TOLVMB of OTKB six BUITDBBD DOVBLX COLVMirKD rAOB SACH. 

JFvr Milt viry Imp, in vmfiou$ kindi nf kmding. 

Some Tear* bmving eltpted tinee tlie.orlfiBal tbirtMn TolDmea of iIm SNCYCLOPJEDIA ABfERICANA 
were pablished, to bring it op to the present day, with the hiitorx o( that period, at tho reija^ of nma eroi 
•nbeeribere, ihe pablishere have jast laaaed a 

IBtaqpplemtfiitaxy Volnma (the Fonxteentli), bringixig the 'WoA up to ^ttmyemi 1M7. 

EDITED BY HENRY VETHAKE, LL.D^ 
Vieo-PiOToet and Prolbaaor of Mathematics in the Univeraity of Penaaylrania, Author of ** A TvaaiiM ea 

Political Economy." 
In on€ Utrg$ oelmvo eelMOM <^ motr 6flD devAl* cohMMiei pagm. 



UNITED 8TATE8 EXPLOFtlNQ EXPEDITION. 
THE NARRATIVE OF THE 

UIITIB STATES BXPLORIIS BXPEBITIOI 

DURING THE YEARS 1838,f»,*40, 41, AND '41 
BY OHABI.BS 'WIX.KBS, Bsq., V.M.Mm 

coMMAiTDn or Tm BZFBDmoif, vrc. 
A New Etiition, in FiTe Medium OetaTO Volnmee, neat Extra Cloth, parlicvlarly done np with rolhmce le 
strength and continued ase : containing Twaimr-stz Hvnorvd Paob of Letterpress. Uluatrated wiihMaos, 
and about Thabb Uvbdbbd Splbitdid EneBATiNos on Wood. 

Price only Two Dollars a Volume* 
ALSO, A PEW COPIES STILL ON HAND. 

TIE IDITIOH PBISTED POB C0N6BBS8, IN FITS TOIUIES, iHO iR ATLAS. 

LABOE IMPEBIAL qiVABTO, STBONO BXTBA CLOTH. 

PRICE SIXTY DOLLARS. 



Just bsaed. 
THE ETHNOOEAPHT IND PHIIOLOGT OF THE UNITED mm EIPLftllSO KXPDITIM, 

UNDER THE COMMAND OF CHARLES WILKES, ESQ., U.& NAVY. 
BY HORATIO HALC, 

PHILOLOOIIT TO TBB KZPBOITIOV. 

In oae large imperial octavo volvme of nearly seveD handred pagea. With two Mepe, |irnted te 
match the Congress copies of the ** Narrative." 
Fries TEir DOLLARS, in bsantlftil extra cloth, dons op with grsat 
" ■ - -re^for 



This is the only edition printed, and but few are offered for sale. 




^ 



L£A AND BLANCHARD'S PUBUCATIONS. 



SCHOOL BOOKS. 



SCHMITZ AND ZUMPT'S CLASSICAL SERIES. 
C. JULII CJESARIS 

COMMENTARH D£ BELLO OALLfCO. 
irrm an i»TsonucTiQN, kqtes^ akp a GtsoGtJkFHicjLL ikdex ik sxtoimu 

AI£D, A JIAF OF CAUL, AND ILLUBTEATtVB £NGftAVlHQ«, 

Tlib §eri» tuvbeen plK«d undef tb* edilodftl mABifVDieiJt oftwn ftinlti0ii< ndlofm 
ilid iiTtetk*] Mscten, Urn. Bcmmm. R«e«or of tbtt Elif b BcboQl, EAinMrgK ^nd Iht 
Zmn-T, PnAH is th« Oairtnitj^ of fi«ma, ftsi ^fUI conalriD* Uh fbllowiBf ftAraa* 

I- A (ndaa^r iMSBBdhic ivrtoi of School Booki « t QBUbm (Ua, «» «■ to ooHCitdto wittila & 
Attain nwaimt * Am^lvta L^im CtirriciUuis. 



Itdcw Id Ronim bnentiim i# iboH whio ar« D^if d«^itBMl faf pniAiHiaaAl k^ mad vi^^ UwKfcw 
wiu not »(i«l» to ixttul timr «iiKli4 tc ifar sdnittad pwiiBa of Oh itrtM. 

nuniHCri p«i, tad viU !>• pRfKced br biafp-v^jlua] aid ffittifxl ^r^TBtt la BtoiU.i^M hbiU t 
b* mid* hww vi tbfl etaaneUr ud paeuUu^ii* orik* wnt Itef ■» ahaofbila^^ 

4. To nfiivn diflteaMMi »d raiMla u tat«t«ft la tha tmai^ arpTwiwrnfy aolM la ^ftfc will 
ba placad ai Iba Itol «f aacb pua, aad wnch waeajriaoo* dnwa aa Bap HTato uttt tba yAorr 
tfOa^lMlktbaraalftintfBBadamlbnK ' 

& Tha ■wfciLf Mi ally, %riU ba taibrtliihftd with inapa aa4 QJwmtiTa rii(naTiiifir-a«(»i«pHit- 
MHto wMteh ^gflT it l If iMi* fta maMmJt't oompahiiattim of tba aatan at tba aivaUHa aM 

■ wfll btlnndBlapfiei«QaridaiabtrlMthntlHaMttrirc*vied; 

la »a^ ■mioMit aoam*, and th* wbule «tne« enaainMiad apon a da- 
I fff iaia lm aawaad alteml adiyuaa, wbjcb. li oocnpJaiacd of aJika bf 

I Ifaa iHibitflKrv han ree«Jf«d« tbef tppead tba 
fof lowlnf W tbow Uiat Iba daaifa oT tlM a^aa liaa b«ea faUj and aooHiafttUr ^atriad 
oat:— 

CWnil Wwk SAM. /"l^, .tev ^ IdtH 

nor adftkia of Oaa 

^__,. , „™„™ ,^ „ ^^aL Tbm worh aara 

Tha Doiaa csoataia ttacb Yalaabla 




Eh pleaaid wttb nor adftkia of Oaaar^ QmWic Ws/m, bthts part of Sicbraiti tod 

wIm fof aeitwQlL Tla work Wian baa^ j adkjjiad id Qm wasto of iaankm. 

I attcfa ^alaabla Jatate^toa^oeiKiariy aad acaBataly tm^malaad oa tba Matt 

tbt£r*aUrnq4i^*ivi^>ti>».«baa at iba ^h «m iba baik k aat Mda »d tinm^ aidhn!- 



pvniiTa bf a naalato anv «f IH» laaralaf; 1^« laat b ooa ia y^b nfotat aad nttr 1 
U pitmiag XA ika aja. [Uta ami pfaaaat* la coDiHeadliif tb* ^ttbtfeatlm to lb* ■ 
ttHban. ltaria,faapanBiM,aaBaaadJiailftaall wluprt [ti^df«*a3siiiuJLioiL 



Japr^aTii 
■OeaOifi of 

JOHN S HJUtT, 
To Me«ia. taa * BJtodarf. jW»paiJ«t ~ ' 



^iT«<J frooi lat a caihlkd «x4DijiukticiQ- I kt.r< ho kkafitaU<»D la airuur^ than lA* dtaJtA ax g tMi Bj m 
thi Bomwirf Tba ptthMwaa. hm twaa luu. — fn Hr woegwiii^ad, mi llMt ib- wdA iiw^ atea- 

btofaAmtftit 

r MnavT, wa , , 

4r elaanral •lDdla^ wbvb ooflit I0 ba ttc^j 




iW- ar -ii^ia^ la^W W M, Omtnl B^ AJmat, 






p. VIR6ILII MARONIS CAftMINA. 

KfiAlLY EEADT. 
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LEA AND BLANCHARD*S PUBLICATIONa 



LAW BOOKS. 

ADDISON ON^CONTRACTS. 

A TREATISE ON THE LAW OF CONTRACTS 



RIGHTS AND LIABILITIES EX CONTRACTU. 
BY C. G. ADDISONi ESQ.y 

Of ihe Inner Temple, Barrister ai La«r. 

In ofM volftmSj octavo^ kandsom^if bound in law skttp. 

In this treatise opon the moet eonetantljr and frequently admtniitered branch of law, tk« aBther 
haa collected, arranged and developed in an intelligible and popolar fom, the rulea and pria«ipl«a 
of the Law of Contracts, and has supported^ illustrated or eicmplified them bT references to aearlT 
four thousand adjudged cases. It comprises the Rights and Liabilitiea of Seller and Perckaaer ; 
Landlord and Tenant ; Letter and Hirer of Chattels ; Borrower and Leader ; Workman an4 Em- 
ployer ; Master, Servant and Apprentice ; Principal, Agent and Surety ; Huaband and Wife; Part- 
ners ; Joint Stock Companies ; Corporations ; Trustees ; Provisional Committee-men i Slupowncrs ; 
Shipmasters ; Innkeepers ; Carriers ; Infknts ; Lunatics, &c. 

The day has passed away when book* like the above were permiited to remain drags on tiM pahBafcrTt* 
hands. Within ihe last twenty years the number of reports of aulhoritp have swelled to an extent beyooi say 
one man's reading ; and the contempt for elementary treatises is fast fivinf way before liie impoesi bitty m 
keeping paee in any other way with existing decisions. Works of this character every lawyer must nave la 
his library for constant reference, and the only canse for hesitation is to determine between the many food 
ones that offer themselves. To the practising lawyer, little more need be said in favor of a work of thia kisd. 
than that in it all the English authorities, to the year 1647, are carefully collected and eollaied, by an aaiher 
who shows by constant reference to the pandects and institutes of Justinian, and the great bodv of the Roaisa 
Law, that he knows well how '^peurt/ontes.^ from which England's ablest commercial judges havr drawa m 
copiously. * * * He who carefully examines the work of Mr. Addison, will be repaid by tbe discovery 
of much additional learning and many authorities never before commented on or cited. The tabl<* of conirais 
and index are exceedingly full, and appesr to be carefully prepared bv an author, whose labors show thai h« 
desire was not merely to make a b<x>k. We hazard liule in saying that, as a whole, Addiaoo on Coairaets 
is the most complete and learned work on this subject which has appeared for several years^^PeniM f Jba m a 
Law Journal. 

It is an excellent treatise upon one of the most important branches of law: a very large nnmborof a4|ndfed 
cases are cited, by which the rules and principles contained in the work are happily iltnstraied and sapponed. 
It is well worthy of a careful and attentive perusal by the student, and wiU be found of great valne lo the prac* 
tising lawyer.^ ITislsrn Lais Journal. 



WHEATON*8 INTERNATIONAL LAW. 

ELEMENTS OF INTERNATIONAL LAW. 

BY HENRY WHGATON, LI^D., 

Minister of the United States at the Court of Russia, Ae. 
TUIBP SDinon, BBVUED AND coanECTCO. 
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LAW BOOKS. 

NEW EDITION OFEAST'S REPORTS. 

REPORTS OF CiSES 

ADJUDGED ADD DETERMIDED IN THE COURT OF 
K1NG!S BENCH. 

WITH TABLES OF THB NAMES OF THE OASES AND FBHVOIPAL MATTBB8. 

B7 BDWARD H7DB XUL8T, SSQp, 

Of the Inner Temple, Barrister at Law. 

ZDITED WITH N0TS8 AND mErERCNCCay 

B7 a M. 'WHARTON, ESQ., 

Of the Philadelphia Bar. 
In eight large royal octavo volumes^ bound in best law sheep, raised bands and double titUt. 
Fzioe, to Sabscribera, only Twenty^Five Dollars. 
In this edition of East, the sixteen volames of the former edition have been compressed into eight— two 
volumes in one thronghout— but nothing has been omttttrd; the entire work will be found, wiib the notes of 
Mr. Wharton added to those of Mr. Day. The great reduction of price, (from ^Ti. the price of the last edi- 
tion, to S35, the subscription price of this,) together with the improvement in appearance, will, it is trusted, 
procure for it a ready sale. 

Twenty-seven years have elapsed since the publication of the last American Edition of East's Reporu by 
Mr. Day, and the work has become exceedingly scarce. This is the more to l>e regretted, as the great value 
of these Reports, arising from the variety and importance of the subjects considered in them, and the fulness 
€>{ the decisions on the subjects of Mercantile Law. renders them absolutely necessary to the American Law- 
yer. The judgments of Ix>rd Kenyon and Ix>rd Blienborough, on ail practical and commercial points, are of 
-.._..=_. .- . . ..■?..- . ... 'lawlibrary. 



the highest authority, and the volumes which contain them should form part of every well-selected Is . 

These considerations have induced the publishers to have a new and improved edition prepared, to supply 
this obvious deficiency. The editor, O. M. Wharton, Esq , has added brief annotations on the leading Ques 
of the Reports, with reference to the more important decisions upon similar points in the principal eommer- 
cial states of the Union. Atthe head of each case will be found a reference lo the volume and paging of that 
case in the English edition; and the original indexes and Tables of Cases have beea arranged lo refer to the 
▼oliuiMS of the present edition. 



TAYLOR'S MEDICAL JDUSPRIIDEHCE. 
A PRACTICAL TREATISE On"mEDICAL JURISPRUDENCE. 

BY ALFRED 8. TAYLOR, 

Lectarer on Medical Jurisprudence and Chemistry at Guy*s Hospital, London. 

With nnmerons Notes and Additions, and References to Amexicaa Law. 

BY R. E. QRIFFITH, M. D. 

In one volume, octavo, neat taw sheep. 

The most elaborate and complete work that has yet appeared. It contains an immense quantity of eases 
lately tried, which entitles it to be considered now what Beck was in its day .—Du^'n Medical JournaL 

It IS in reality the best and completest treatise on medical jurisprudence to be found in any language. — 
Through it the author has assuredly entitled himself to be considered as one of the most accomplished medical 
jurists of present or former XimeB.— British and Foreign Medical Review. 

This work contains an immense quantity of well digested and very valaable matter. It is not, like the work 
of Beck, a mere compilation, but is greatly enriched by the author's own experience and observation." — Bdin- 
hurgh JoumeU <ff Medical Science, 

This work has become truly the manual of both the medical and legal professions, and is regarded by all as 
the standard aathority on lU subject The present edition is greatly enlarged.— frtiM* 4" Foreign Med. Rem, 



TAYLOR'S TOIICOLOOT. 

ON POISONS 

IN RELATION TO MEDICAL JURISPRUDENCE AND MEDICINE. 

BY ALFRED 8. TAYLOR, F. R. 8., 

IiectnreroD Medical Jurisprudence and Chemistry in Guy^s Uospital, and author of "MedicU Joriapm- 

dence," &c. Ac. 

Edited, with Notes and Additions, 

BY R. EGLESFELD GRIFFITH, M. D. 

In on* large octavo volunu, to match the ** Medical Jurisprudence"^ nftke $amu author. 

For ourselves we feel confident that it will ere long be the table-book of everv medical practitioner who 

has the least regard for his own reputation, and be found in the circuit-bag of the barrister, m company wilk 

Archbold's Grirainal Pleadings and Boscoe's Criminal Evidence.— 1%« Dublin Quarterljf JoumaL 

ON THE PRINCIPLES OF CRIMINAL LA.W. 

In one IBmo. Tolmne, paper, pcVo* 15 ««iifta, 

BEING PART iO, OF " SMALL BOOl^ 0!A 0\ML^ ^SG^^CC^^^ 



1% 
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LAW J10 0K8. 

8PENCE'8 EQUITY JURISDICTION. 

THE EQUITAILE JUHISIUCTIIUI OF THE COURT OF CHAHCEBT, 

ITS RISE, PROGRESS AND FINAL ESTABLISHMENT. 

TO WHICH n PmEFIZCD, WITH A VnCW TO THE BLUCIDATIOir OF THE UAUf SUBJECT, ▲ COW CM E ACOOWT 

or THE LEADIHO DOCTEIlfEi OF THE COMMOU LAW, AND OF THE COUBSE OF PROCEDITEE IH 

THE COUSTS OF COMHOK LAW, WITH SEOASO TO CIFIL EIOHTB ; WITH AN ATTEMPT TO 

TRACE THBK TO THEIR SOURCEi { AHD IK WHICH THE TARIOUt ALTBRATIOHB KAOS 

BT THE LEOHLATORE down to the PREIENT DAT ARE NOTICED. 

BT OBOROB SFBiraB, B8Q., 
One of Her M^Jetty't GoanML 

IN TWO OOTATO TOZfUMBa. 

yolome I., embracing the Prineiplet. is now ready. Volume II. is rapidljr preparing, and wrill appear eailT 
in 1640. It is based npon the work of Mr. Maddock, brooghl down to the present time, and cmbtrme^g so maei 
of the praetlee as counsel are called on to ad rise upon. 

Mr. Warren (Law Stndiea, jp.SMl) had spoken of this work on its announcement in the moat iatteriag terai 



■'If Mr. 8pence*B profesaional engagements," said he, ** should admit of his completing, wttli dae aecaraey, s 
work of this elaborate and eomprehensiTe character," (referring lo the author's proapeotna.) **be will hate 
conferred a lasting senrice on his profession. This gentJemanni qualifications for the taak are andoabiedly 
greaL To say nothing of his long practical experience, he is the author of the Talnabie * Inquiry into ths 
Origin of the Laws and Political Institution* of Modern Europe, particularly those of Englaad.'** Soah faui' 
gaage from a man of such eminent ability as Mr. Warren was known to possess, was well ealeolaisd m 

1 .-.: «mr u l— .u , u— .. ^^j^ ^^^^ iho prOWSS, 

I onderuikeB to deelsfs 



^and that all our anticipations are very far surpassed by the execution. Mr. S^nce 1 

the powers of the Court of Chancery, its mooes of procedure, and the principles on which it acta, aeeompa^ 

In oraer 



■excite large expectations. We ar« happy to say that the performance has been greater than the piomiss, 
_...,_« , _,. -•- .. _ Mr.Spencehasomf " *" ^^^ 

,, . _ , ,/mciplcS( 

aying this delineation with an historical account of its gradual rise, progress, and catabliahmeBt. In older 
filly to introduce his main subject, and enable his readers to take a wide and compreheoaive view of tJM 
whole scheme in all iu bearings, he has entered upon his work by an elaborate investigation of the chancier 
and growth of the Laws of England from the earliest times, the sources of her jurispradence, mhI the eiifiB 
of her several Superior Conns. In performing this arduous labor he has carefully pointed out the limits sad! 
boimdaries of the jurisdiction of those Courts in all those ooints where they do not run into each other. Thus 
iie has given to us the most perfect and faithful history or the English Law, especially in remole ages, whick 
has ever been offered to the Legal Profession. Reeves is undoubtedly more full and particular in minaie 
details, but the present is the only work to which we can have recourse for a satisfactory and philosopbieal 
acquaintance with the growth of Eiifflish iarisprudence. To the professional lawyer no recommendation is 
necessary to gain favor for a production which will elucidate rauqh which is dark in the history and pracuee 
of the Law, and furnish him with the history and growth of the Cburts in which he practiaea, and the priaei* 
pies which it is his dutv to expound. 

We will now leave this inestimable work with a general commendation, and a moat hearty conenrreaee 
whh the eulofty pronounced by the London Jurist, trusting, less on acfount of its own merita, than for the 
credit of the Profession in Virginia, that lawyers at least will not neglect lo study iu pagea roost diligently.— 
BUkmnnd Whig. 



HOLTHOUSE'S DICTIONARY. 

A NEW LAW DICTIONARY, 



CONTAnrnTQ TIXTLANATionv or vrcR twlcu'sih^a.l terhi and piihase? as occti'a iiv tite wonnor 
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LAW BOOKS. 
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THE AMERICAN LAW OF REAL PROPERTY. 

SECOND EDITION, REVISED, CORRECTED, AND ENLARGED. 

BY FRANCIS MILLIARD. 

coumsLLom at law. 
In two large oetmvc volumes, beautifuU}/ prinUd, and bound in bmt law sheep. 

Thii book ia designed aa a aubatitate for Cruise^M Digett, occnpying the aame ground in Ameri- 
can law which that work haa lon^ coTered in the Enslish law. It embracea all that portion of the 
English Law of Real Estate which has any applicaoilitj in thia country; and at the aame time it 
embodies the statntory provisions and adjudged cases of all the Statea upon the aame subject ) 
tberebr constituting a complete elementary treatise Tot American students and practitioners. The 
plan or the work ia auch aa to render it equally valuable in all the States, embracing, aa it doesy 
the peculiar modificationa of the law alike in MASSACButirm and Mnsousi, New Yobk and Mi»- 
anum. In thia edition, the statutea and deciaiona aubaequent to the former one, which are irert 
numerous. ha?e all been incorporated, thus making it one-third larger than the original work, ana' 
bringing the view of the law upon the aubject treated quite down to the preaent time. The book 
ia recommended in the higheat terms by distinguished jurists of different Statea^ aa will be seen bj 
the aobjoined extracta. 

The work before ua supplies this deficiency in a highly satisfactory manner. It is beyond all question the 
best work'of the kind that we now have, and althouf h we doubt wbetber this or any other work will be likelT* 
to supplant Cruisers Digest, we do not hesitate to say, thai of ih6 two, this is the most valuable to the AaMti- 
can lawyer. We eougrainlate the author upon the sueeessful aceomplishmeni of the arduous task he nnder^ 
took, ia reducing the vast body of the American Law of Real Property to ^ portable size,** and we do not doubt 
thaihia labors will be duly appreciated by the profo»aion.— I^w Rtporter. 

We bad barely room In our last number to acknowledge the reception of the aeeond edition of this book,, 
and to express the opinion that it was a great improvement upon the former edition. This opinion has been' 
eoofirmed by a fonher exarainaUon. In Act, rrom the nature of the subject, a new edition bad become 
almost a matter of necessity, in eonsequencMsof the important changet effected by more than a score of legishii- 
lares in the Law of Real Property, siuce the first edition was published. At any rate, thia second edition ia 
greatly enlarged and improved ; and it comes in such a shape as does honor to the publishers.— Wetiem Laiw 

Judge 8l0ry says:~"I think the vrork a very valuable addition to our present Ptock of Jnridieal literalnra. 
It'embraees all tnatl part of Mr. Cruise's Digest which is most useful to American lawyers. But iu higher 
Talna is, that h presenu in a concise, but clear and exact form, the substance of American Law on the aaaae' 
suhiect. I know no work that wepossees, whoee pracHtal utiUty it likely to be so exunsioely fdL^ ** The won- 
der is, that the author has been able to bring so great a mass into so condensed a text, at onee oomprehenrive 
and loeid.^ 

Chancelkir Kent says of the work (Commentaries, vol. ii., p. 635, note, Sth edition) :— " It is a work of great 
labor and intrinsic value.** 

Hon RofiM QMoaie says i—*^ Mr. Hilliard^s work has been for three or four years in ism, and I think that 
Mr. Justice Story and Chancellor Kent express the general opinion of the Massachuretls Bar." 

Professor Greenleaf says :— *' I had already found the first edition a very convenient book of reference, aAd 
do not doubt, from the appearance of the second, that it is greatly improved.'* 

Professor J. U. Townsend, of Yal« College, says :— 

** I have been acquainted for several years with the first edition of Mr. Hil!iard*s Treatise, and have formed 
a very favor^»le opinion of iL I have no doubt the second edition will be found even more valuable than the 
first, and I shall be happy to reeommend it as I may have opportunity. I know of no other work on the siib- 
|ect of Real Estate, so comprehensive and so well adapted to the state of the law in this country.** 

A NEW WORK ON^OURTS-MARTIAL. 

A TREATISE ON AMERICAN MILITARY LAW, 

AND THE PliCTICB OF CODRTS-IARTIU, 

WrTH SUGGESTIONS FOR THEIR IMPROVEMENT. 

BY JOHN O'BRIEN, 

umrrsnAirr tnnTn> statw aktuxurt. 
Xn one octavo volume} extra dothf or law alieep. 
This work amnda relatively to American Military Law in the same position that Blaekstone^ Commaatn 
riea sumd to Common Law.— IT 8. Gazette, 

D O M B E Y A 8 O N . 
n«w Gonvlete^ Ohetv Edition, Price Fliftf OeaU. 

DEALINGS WITH THE FIRM 

OF 

DOMBEY & SON, 

BY CHARLES DICKENS, Esq. 

WITH 8IXTEBN PLATES. 

In one octaTO Tolnme, paper, well printed, price only fifty cents. 
ALSO, 
A Fine Bditton in Ibctra CUOi, ^irVOiTcRets ^e^a^»^^ 
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Actciti^i Modem Cookery | vHli eul«, limo., 

clolh. 
AimsricEXii Orrilhf^lofy^ bj Prince Churlea Bont- 

pttf ic, i n ^ vol*, folio, hftifNiKnd , colored pUtCi. 
American Mitjtnrj Law and Prirlice or Caorlft 

M^rtJuU hj Lieut. O'Brien^ U, 8* A., 1 vol. 

8vo,, eloih or Uw ftbe^p, 
Anittd^a AndeDt World, or pictiir«iqa« Rltetcb«« 

of Cf cation, 1 vol. limn^^ nunicrt^iiB c«t». 
Addisofi ojt ConuacU.^ ind on PmrtiP^ to AcOotk 

Cfji Cofitractui, a new md complete work, 1 

lirgn vol. ilvo,, Uw theep. 
Ariioiri Elit^meHU of Phynci, new editJ0D| I 

iPfll, 8to.^ ■bc'ept with mnnir wood-cnti- 
Boi'fl ComplfsiH Worht, in S voU. Stfo., citr* 

elolhf witb D u me rou» pities, itid wood'COlA* 
S«si« work t CON moil rdition,ia pupcrj 9 pMt», 

pric« $4, Aiij llovk «old ■epariic. 
Gtmo work io 3 Isr^c volt., gorrd pip«r, fnn^j 

dolh, price f 3 75. C^ Fourth Volume pre- 

pariiig.l 
BeMhamiana : EitmcU rrom Bembanij tn 1 vol, 

Umo. 
Browne^a Beligio Medictt 1 voL Itmo., extra 

cloth. 
BeJl*i(EIIia,CorreFra(»d Acton* apthnraor^Jaim 

Krr«, Wildrell Hall/* lie.) Poema, 1 toL amaJl 

limu. Now R^»dy, 
Boi MA»*» FttKTiiiH liiiiiTrf, eonelaliTiif of— 

A Selection nf i)n« Hutidrml Pfirrm*i Fablea, 
Tvith m K«y I* tbe Pronuncialion* 

A ^crlPi (if CoHoi]tiial Phrprnia, 

Thfi Firii Biftht itiJoKi of FciieJoii** Tvlvma- 
cliua. 



Bo]f'* Truaatiry of 8 port* ifid Paatieniv, t V^, 

Jiiiio,, eHmsOfi Rltilb* 4€0 iMaat/mitoiiai t 

beautiful ifiij chf^ftp wofk. 
Bamaliy Budue<, by *♦ Rot," p^p'^r or cloik. 
Bmwnujjr^ii lli»torVofth« IfpigUFtiots* I tol. §*». 
Brewiier*! Ti^atli«i ooOplic*, 1 vol« t| 
Bahh*(re*»*'FrafrnMl," 1 t<j|. gfo, 
Cainpb«IPa Liv«9 of ibi* I.<in} rh«ii^l«n 

Knghti^, from ttip IUr|ie«t Tikky lo If 

cifiw complete! In 7 btJidaomc cow* 

folumea, «itT» doth. 
CiittirTMAi STOKti^^Tb* CktoiM, Car«lt€HAk«l 

on the He^rthf and ft^Ulo of Lif^« l«|aifa) 

with Picuirea frntn lulf, bj Dicfc#Mi^ 1 ««l, 

8to., pBper, pricft 37 J cvnti, 
Complvle Cook, pa|k«r» prica o«tjp 2i ubi^ 
ComplHe Coor4»c|ioh«rf pap^f, M««iiiaiw 
CoifiplHf^ FlorJttf paper, th FmU. 
Complete Gnrdener, pApcr^ 15 cmtii, 
CuTioiUjr Shop, bjf ** Uut,*" ppor or e1«d^ 
C. Jotii Crearia Cattimffitarti d« Mrllo G«ilie*t 1 

ToL iBmo., neat cloth ; beinf vivl. I ofgelmiti 

■nd Zumpl^i Clankal J^f^rt^^ fht ?WtMi«lL 
Campb«M*i Complela po«lieil Works, is | mL 

crowd Svo., doth gilt or whitv^caJf, p!n«_ 
Cooper** Navil tfittorj of ih* Vmi94 fn^ 

QOinptoi* In J ToL Siro^t cl«tti| wtili j 

mapa. 
CoopFr*a rVotda and Taleif tn S3 vnla., 

Ei]t, l^ioo.f or 47 voTa. paper, at S& c«m<b p«r 

Tolumci^i 
ronp«r*a Ni»a Talta, 6 rola. 1 fmo^, cimll. 
Coopi^r'i Leather Sttn ling Tair*, 5 w^tU. I^tio., 

d«th> 




LEA k BLANCHARD'S PUBLICATIONS. 



16 



Eocyclopsdia of Geography, in 3 octavo vols., 
many cuts and maps, various bindings. 

Encyciopsdia Americana, 14 vols, 8vo., various 
binding*.-— Vol. 14, bringing the work ap to 
1S46, sold separate. 

East^a King's Bench Reporte, edited by G. M. 
Wharton, 16 vols, in 8, large 8vo., law sheep. 

Education of Mothers, 1 vol. 12mo., cloth or 
paper. 

Endless Amusement, neat ISmo., crimson cloth, 
with cuts. 

Fielding's Select Works, in 1 large toI. 8vo., 
cloth. 

Also, same work, 4 parts, paper, tix., Tom 
Jones 50 cents, Joseph Andrews 25 cents, 
Amelia 25 cents, and Jonathan Wild 25 cents. 

Francatelli's Modern French Cook, in 1 vol. 8vo., 
with many cots. 

Fownes' Recent Work on Chemistry, second 
edition, by Bridges, 1 vol. 12mo., many cots, 
■heep or extra cloth. 

Grahame'8 Colonial History of the United States, 
2 vols. 8vo., a new edition. 

Grah.im^s Elements of Chemistry, 1 vol. large 
8vo., mnny cuts, (new edition, in press.) 

Gieseler's Ecclesiaeticnl History, 3 vols. 8vo. 

Griffith ^s Chemistry of the Four Seasons, 1 vol. 
12mo., many cots. 

Griffith's Medical Botany, I large Tol.8vo.,eztra 
cloth, 350 cuts. 

G rote's History of Greece, to form a neat l2mo. 
series. {Preparing.) 

Hawker on Shooting, Edited by Porter, with 
plates and cuts, 1 beautiful vol. 8vo., extra 
cloth. 

Herschel's Treatise on Astronomy, 1 vol. 12mo., 
. cuts and plates. 

Bervey's (Lord) Memoirs of George II. and Queen 
Caroline, a new and interesting work, 2 vols, 
royal l2mo. (Now ready.) 

Hale's Ethnology and Philology of the U. S. Ex- 
ploring Expedition, 1 vol. royal 4to., extra cloth. 

Howitt's (Mary) Children** Year, a handsome 
juvenile, square 18mo., fancy paper, crimson 
cloth, or cloth gilt, with plates. 

Howitl'S (William) Hall and Hamlet, or Scenes 
and Characters of Country Life, 1 vol. large 
]2mo., paper, price 50 cents. 

Hemans' Complete Poetical Works, in 7 vols. 
]2mo. 

Hemans' Memoirs, by her Sister, 1 vol. 12mo. 

Holthouse's Law Dictionary, by Peniogton, 1 
vol. large 12mo*, law sheep. 

Hilliard on Real Estate, new and much improved 
edition, 2 large vols. 8vo., law sheep. 

Hill on Trustees, a late and complete work, by 
Trouhat, 1 large vol. 8vo., law sheep. 

Ingersoll's History of the Late War, 1 vol. 8vo. 

Illustrated Scries of Scientific Works, beauti- 
fully printed. — Now ready, Mullor's Physics, 
Wiesbach's Mechanics, and Knapp's Tech- 
nology, printed and bound to match. To be 
followed by others in various branches. 

Johnson's Dictionary of Gardening, by Landreth, 
1 vol. large royal 12mo., 650 pages, many cuts. 

Knapp's Technology, or Chemistry Applied to 
the Arts and to Manufactures. Translated by 
Ronalds and Richardson, and edited by W. R. 
Johnson-, vol. I. large 8vo., with 214 beauti- 
ful wood engravings. — Vol. II. preparing. 
Keble's Christian Year, in 32mo., extra cloth, 

illuminated title. 
Keble'B Child's Christian Y«ar, 1 to). 18mo., 
extra cloth. 

Kirbr and Spence't Entomology, 1 large 8to. 
Tol.^ with platea, plain or colored. 



Louis Blanc's France under Louis Philippe, or 
the History of Ten Years, 2 large vols, crown 
8vo., or 6 parts, paper, at 50 cents. 

Louis Blanc's History of the Revolution of 1789, 
Vol. I., crown 8vo., cloth. 

Lover's Irish Stories, 1 vol. royal 12mo., with 
cuta, extra cloth. 
Same work, paper, price 50 cents. 

Lover's Rory O'More, 1 vol. royal ISmo., with 
cots, extra cloth. 

Same work, paper, price 50centa. 
Same work, 8vo., price 25 cents. 

Lover's Songs and Ballads, 12mo., paper, S5 cti. 

Language of Flowers, eighth edition, 1 toI. 
18mo., colored plates, crimson cloth, gilt. 

Landreth's Rural Register, for 1848, royal 12rao., 
many cuta, price 15 cents. Copies for 1847 
still on hand. 

Marston, or the Soldier and Statesman, by Croly, 
8vo., sewed 50 cents. 

Martineau's Eastern Life, Present and Fait, a 
new work, 1 vol. crown^Svo., extra cloth. 

Matteucci's Lectures on the Physical Pheno- 
mena of Living Beings, 1 vol. royal ISmo., 
cloth, with cuts. 

Mackintosh's Dissertation on Ethical Philosophy, 
1 vol. 8vo., cloth. 

Moore's History of Ireland, in 2 vols. Svo., cloth. 
Second volume sold separate. 

Martin Chuzzlewit, by ** Box," cloth or paper. 

Muller's Physics and Meteorology, 1 vol. large 
8vo., 2 colored plates, and 550) wood-cuts ; a 
beautiful and complete work. Just issued. 

Millwrights' and Millers' Guide, by Oliver Evana, 
in 1 vol. Svo., sheep, many plates. 

Mill's History of the Crusades and Chi?mlry, in 
one octavo volume. 

Mill's Sportsman's Library, 1 vol. 12mo., extra 
cloth. 

Mirabeao, a Life History, in 1 handsome 12ino. 
vol., extra cloth., (just ready.) 

Narrative of the United Sutes* Exploring Expe- 
dition, by Captain Charies Wilkes, U. S. N.,in 
6 vols. 4to. $60; or 6 vols, imperial 8vo., $25, 
with Yery numerous and beautiful illustrations, 
on wood, copper, and steel ; or 5 vols. Svo., 
$10, with over 300 wood-cuts and maps. 

Nicbuhr's History of Rome, complete, 2 large 
vols. Svo. 

Nicholas Nickleby, by " Box,'' cloth or paper. 

Oliver Twist, by " Box," cloth or paper. 

Picciola — The Prisoner of Fenestrella, illus- 
trated edition, with cuts, royal 12mo., beau- 
tiful crimson cloth. 
Same work, fancy paper, price 50 cents. 

Philosophy in Sport made Science in Earnest, 1 
vol. ISmo., neat crimson cloth, with cuts. 

Popular Vegetable Physiology, by Carpenter^ 1 
vol. 12nio., many cuts. 

Pickwick Club, by <* Box," cloth or paper. 

Rush's Court of London, 1 vol. Svo. 

Readings for the Young, from the Worka of Sir 
Walter Scott, a handsome juvenile, just istoed, 
in two ISmo. volumes, crimson cloth> with 
beautiful plates. 

Ranke's History of the Popes of Rome, 1 toI. 
Svo., cloth. 

Ranke's History of the Reformation in Germany, 
to be complete in 1 vol. Svo. 

Ranke's History of the Ottoman and Spaniah 
Empirea, 8vo., price 50 cents. 

Rogers' Poems, a splendid editiqn, illustrated, 
imperial Svo. 

Roget's Outlines of Pbyaiology, 1 toI. 8vo. 

Roacoe's Lives of the Kinffs of Efi^\%xA>^\^: 
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fiomcrfiJIe^ PbyiLc&i Geography ^ 1 loh rojal 
l2mD., DQw ready. 

StmniQotzfi Hiitorjoftbe Jeauits, in two crown 
Sto. vdI«,, 400 p(tg«« eacb^ eitra doth, JDit 
ready, 1S4>«, 

Strickland^* Livet of Iho Queeni of Englmnd, 
new apd improfed fldition, 12 volttme* in 6, 
crown 3vo«f cfimwxi cloth or half morocco.— 

N,B< Thii work ia now coinplel«» 
Same work, in 13 vula. 13mo«, p«per or doth- 
For the pres«at| anj voL of either edition iold 
leparate^ 

BtrickJand^B Ta1«i Tram Hlatnry, one bandi<im« 
18mo. ¥oIumn ijcrimion cloth ^ with il lufltraitona. 

Select Worki of Tobioa Small eu, one large vol. 
Sto., doth. 

Al«o> same work, ^ parta, pap«r, tii.. Peregrine 
pickle 50 cenUiT HiHiehck Random Z& cent*, 
Count Fathom 35 centaj Launcelot Great oa 25 
cent*! 9Eid Humphrey Clinker 35 cenla. 

SiiDpaoti''a Overland Joiirnej eroand the World, 
CPQwa 8vo,, extra cloth. 
84m e work, 3 part*, paper, price f 1 50. 

8 i borne ^ a Walorloo Campaign, wiih mapa, I fol. 
large Sto. 

Bchiaid and Zumpt^eClaaaJca] Seriea fbr School a, 
in neat iSmo. voltitnei, in clotb* 

Buble Talk and Table TaJk^ for SporUmen, t 
Tolume \2mtt, 

Spence on tbe Juriadiction of the Court of 
Chancery, vol, K, targe Sve., Law aheep* 

VoL IL, embrRGir>g Ihe Practice, (nearly ready.) 

Small Boovi oh Gkcj^t SuajEcrai e neat iSmo. 
■erica, price 25 centa each : — 

No. L *^ PhiloaopbicaJ Theories Add Phtloatiphi- 
C4l Eiperience**'- No. 3. ** Do the Con- 
nection between Pbjeiology and InteUeGtual 

Science." JVo. 3. " On Man*« Power over 

hiotaelf to Pretcnl or Control Inaanity.^*^— > 
Ho. 4. "All tntrodtiction to Practical Orgaolo 

Chemiatry." No. 6. "A Brief View of 

&r«ek PhiEoaopby «p to ibe Age of Periclea," 

No. 6, ** A Brief View of Greek Philoao- 

phy from t)ie Age of Socratoa to the Coming 
of Chriit.^* No. 7. '' Chrittian Doctrine 

and Practice in the Second Century.** No. 

8. "An KKpoaition of Vulgar and Common 
ErrorBj adapted to the Year of Gf«oo 1845.^" 



De CandoUe, Lindley,'' he. No. It). "Oa 

the Principle* of Criminal Law.^^^^^i^No. IJ. 

** Cbritiian Sects in the Nineteen tfa Cento ry,'* 

r - No. 12* ** Principles of Grammar/^ &c. 

Or the whole done tip in 3 vols., cxtrt doth. 
Taylor** Medical Juriaprudence^ edited with re^ 

apect to American Practice, by Griffitb^i 1 vol. 

Sto. 
Taylor on Poiaona, by Griffith, a new and verf 

complete work, in one large octavo Tolume. 
Traill*p Outlioea of Medical J uria prudence, oni 

amalt vol. Svo., doth. 
Thomflon^t Donif;atic Management o^f ihe Sick 

Room, 1 vol. l2mD., e^tra c^oth. 
Tok«ah, by Snalifield, price 2^ cents. 
Tucker*a Life of Thomaa JeServon, 3 Tola* lavfe 

8to., clotb, 
Virgil ii Carmina, I neat 18mo. »ol., ettra dotfc. 

being vol. II. of Rchmiti and Zumpt^a Claasicai 

Seriea. Nearly Ready. 
Walpole^a Lettera, in 4 large rota. 8ro., ex. cloth. 
Waloole'a New Lettera to Sir Horace Mann, S 

Tola. Svo. 
Walpole*s Memoira of George the Tbird, i Tola, 

Sto. 
While's Oniversal Historr, s new and improved 

work for Schools, Colleges, fci^., with Qne^ 

lions by FroreiBQr Hart, in I toI. large ]2mo., 

extra cioth at half bound. 
Wdabacb's Pnndplea of the Mechanics of Mi- 

ebiucry and Engineering, edjted by W. R, 

Johnaon, toL I. large Sto., with 650 beaotifui 

wood-cuta, now ready. 
VoL II., same aiie and appearanc«, (preps Hnf-) 
William tbe Conqueror, Life of, bj Roacoe, I 

vol. iSmn., extra doth or fancy paper. 
Wheaton^s Internalional Law, t vol. large Svo.j 

law ihcep, or eitra doth|^ third edilion, mucb 

improved. 
Wraiall*B Postbum^ui Memotra,, I toL Svo., ei« 

tra doth. 
Wraiall's HiBtoricd Memotra, 1 toL. Svo.j ejtn 

dotb. 
Youjittoti tbe Horve^&c., by Skinner, 1 toL Svo., 

many cut*. 
YouatI on the Dog, with plates j I toI. crown 

Svo., beamilljl criraaoQ eloih. 
Youatt on the Pig^ 1 toL l2mo., oJitrm cloth, with 
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